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PREFACE. 


F being an uſual Complaint with thoſe 

who are unacquainted with Geometry, 
that they are diſcouraged by the Mathe- 
matical Demonſtrations, from peruſing 
Books of Natural Philoſophy ; 1 appre- 
hended that fome Papers I had drawn 
up for the Uſe of my Pupils in the 
Univerſity, would not Ge altogether un- 
acceptable, if publiſbed in ſuch Form, 
that the Propoſitions, or Subſtance of 
the Book, might be read without Inter- 
ruption from the Demonſtrations. I 
have therefore in the following Treatiſe 
laid down the ſaid Propoſitions, and en- 
deavoured to prove them in a familiar 
and eaſy Manner, without Geometry, by 


way of Text: And for the ſake of 1 


a 2 who 
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_ who are ſtilled in that Science, have 
added the Demonſtrations, with ſome 
occaſional Remarks, by way of Notes. 
And whereas the Writers on this Sub- 
ject have appropriated to themſelves a 
Seile too technical for Beginners, I 
have, in hopes of being more eaſily un- 
derſtood, ſometimes choſe a plainer and 
more popular Way of Expreſſion, though 


perhaps not always ſo accurate. 


In the Introduction to the firſt Part, 
Motice is taken of the Method of Philo- 
ſophiſing made U/e of by Des Cartes, 
and others before him, ſo far as the 
Defign of this Compendium required. 
T ſhall add here a few Conſiderations 
relating to the Method which prevails 
at this Time. 

In the preſent Method of Philoſophi- 
ing, all Matter is conſidered (with re- 
ſpect to its Subſtance) as homogeneous, 
or of the ſame Kind; and no other 
Cauſe or Principle of Action in Matter 


AY 
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is allowed of, but what is well eſtabliſhed 
by Facls. 

Some Philoſophers admit Elementary 
Fire, as they call it, among their Prin- 
ciples; or, which comes to the ſame 
thing, they conſider Fire as endowed 
with active Powers diſtinct from thoſe 
of other Matter. Keill, in his Letter 
to Dr. Cockburn, De Legibus At- 
tractionis, aliiſque Phyſices Principus, 
males uſe of three Principles, viz. 1. 
Empty Space. 2. The infinite Divi- 
ſibility of Quantity. 3. The Attrac- 
tion of Matter. And affirms, that all 
Phyſics depend thereon. 

The firſt of his Principles the Reader 
may perhaps think ridiculous; but he 
may conſider, that at that Time of Day, 
the Notion of a Plenum was not wholly 
exploded : The laying down Empty Space 
as a firſt Principle was only calling out 
for Elbow-Room and à clear Stage 
— But not to trouble the Reader 
with what others have done, I have 

a 3 choſen 
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choſen and every where ſtuck to three 
and as off as a Phænomenon occurred, 
which I could not account for by them, 
have given it up as a Difficulty; not 
deſpairing, but that when all the Cir- 
cumſtances of the Phenomenon ſhall be 
thoroughly known, they alone may be 
found ſufficient. It ſeems not conſiſtent 
with the Regard a Philoſopher ſhould 
have to the Uniformity of Nature, 
every where obſervable, to call in a 
new Principle at every knotty Point. 
T hoſe which I make uſe are, 
Firſt, Attraction of Gravitation. 
That is, a Diſpoſition in Bodies to 
move towards each other, even when 
at great Diſtances aſunder. 
Second Attraction of Coheſion. 
That is, a like Diſpoſition in Bodies to 
move towards each other, but diſtinct 
from the former, in as much as it is 
obſerved to take Place only when the 
Bodies are very near together. 
Thirdly, Repulſion, or a Diſpoſition 
in Bodies, where'y in ſome Caſes they 
endeavour 
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endeavour to avoid; or fly from each 
other. | | 

The firſt of theſe it Matter of daily 
Obſervation. Thus a Ball let go from 
the Hand falls to the Ground. 

The ſecond may be ſeen in the fol- 
lowing Inflance. A ſmall Portion of a 
Fluid forms itſelf into a Sphere or 
Drop: Which can only happen from 
4 Diſpoſition in the Particles of which 
it conſiſts, to come as near as poſſible to 
each other. 

An Inſtance of the third is this. If 
Air incloſed in a Bladder, be ſqueezed 


into à leſs Compaſs, the Air within, 


when the Preſſure is taken off, reflores 
the Bladder to its former Size: A 


plain Indication that the Particles of 


which the Air conſiſts, endeavour to 
avoid or fly from each other (a). 


Theſe Diſpoſttions in Bodies are not 


the Reſult of any Mechanical Cauſe 


(a) See another Inflance of this Diſpoſition, in Part III. 
Page 161. Note m of this Compendium. 


a 4 whatever ; 
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M1 whatever; that is, ſuch as may ariſe 
4 from the Effluvia of Bodies, or the Ac- ® ; 
1 tion of any other material Subſtance (b): 
1 They are therefore the Act of an imma- 

4 8 Cauſe, in Virtue of which inactive 
Matter performs the Offices for which 1 3 
was deſigned. | 


F. Fon 6 


(b) Demonſtration. In the fir? Place it is well known, Y 
that if Gravity gels upon Bodies with the ſame Degree of 
Intenſeneſs, whether they be in Motion or at Reſt, it may 
be demonſtrated, that Bodies, when projetted, will deſcribe 
Parabola's; and that when vibrating in Cycloids, their 
Vibrations will be iſocronous, &c. In the next Place it 
is as well known, that Bodies when projetted do deſcribe 
Parabola's, and that when vibrating in Cycloids, their 
Vibrations are iſocronous, &c. From which two Propo- 
ſitions it demonſtratively follows, that if Gravity be the 
cauſe of the abovementioned Effects, it muſt act upon | 
Bodies with the ſame Force, whether they be in Motion | 
or at Reft. 5 

Again, it is well known, that, if Attraction of Coheſion 
atts upon Rays of Light with the ſame Degree of Intenſe- 
| neſs, whatever be the Velocity they move with, it may be 
[| demonſtrated, that the Ratio of the Sine of the Angle of 
| Incidence to the Sine of the Angle of Refrattian, will be 
1 given. But in Refraction of 7; ght, the Ratio of thoſe 
| Sines is given in Fact; if therefore Attraction of Coheſion 
| be the Cau 2 of the Re 75 of Light, it muſt att upon 
& Rays of Li ght with the ſame Intenſeneſs, whatever Velocity 
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they move with. 
But no Effluvia of Bodies, no material Subſtance, and 
if in ſhort no material Cauſe whatever, can act with the 


fame Intenſeneſs, or have the ſame 5 i upon a Body in 
Motion, as pou the ſame "ny at 


; becauſe as it is 
very 
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From the firſt and third Principle (c), 
together with the Properties of Matter 


enumerated in the firſt Chapter of this 
Compendium, which Properties mu 

be always under ſlocd, the Elaſticity or 
Spring of the Air, and from thence the 
Mature and Propagation of Sound are 
accounted for. And from the Spring 
of the Air conſidered as being augment- 
ed by Heat, and diminiſhed by Cold, as 
it is obſerved to be, and the Air's being 


very well known to Mathematicians, to whem I addreſs this 
Note, Body can only act upon Body, according to the Sum 
er Difference of their Motions, It remains therefore, that 
the two Diſpaſitions herein mentioned, are not the Reſult of 
any material Cauſe whatever : Which is one Part of the 
Propoſition to be demonſtrated. | 

As to the other Diſpoſition in Bodies, their Repulſion, 
fince Rays of Light are alſo affected by it, as it appears they 
arc by an Experiment of Sir Iſaac Newton's, referred to in 
the foregoing Note, it may very reaſonably be ſuppoſed, though 
we don't at preſent know the exact Law of its Action, ta 
affeft Bodies in Motion after the ſame Manner that it would 
do the ſame at Reſt, and that it therefore is alfo the Reſult 
of no material Cauſe whatever, __ 

(c) The Law or Manner wherein theſe Principles are 
obſerved to act in different Circumſtances, are determined 
from Fats, in Part I. Chap. 3. The Law of the third, 
% far as it relates to the Air, will be found in Part II. 
Chap. 3. of this Compendium, 
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at the ſame time affected by the firfl 
Principle, the Phænomena of the Winde 
are explained. By the ſecond Principle, | 


the Coheſion of Matter, the various | 
Degrees of Hardneſs obſervable in it, 
the Diſſolution of Bodies by Fluids, | 
with other chemical Operations; and in 
particular the Phænomena of Fermen- 
tation, and conſequently the Cauſes of | 
Thunder and Lightning, &c. By this 
Principle alſo the rifing of Fluids in | 
Small Tubes, and from thence the aſcent 
of Sap in egetables are accounted for; 
all which Particulars, except the two | 
firſt, are treated of in the ſecond Part 
of this Compendium: as alſo the Re- 
fraction of Light, and conſequently all | 
that Train of Phznomena depending 
thereon, which is the Subject of the 
third Part. By the firſt Principle, the 
ſeveral Circumſtances relating to falling 
Bodies, and to the Motion of Projec- 
tiles, together with the Doctrine of 
Pendulums, treated of in the fir ſi 


and 


1 
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and likewiſe all thoſe which relate to 
the Preſſure of Fluids (treated of in 
the ſecond Part) are determined. And 
above all is deduced that moſt curious 
Doctrine of central Forces, juſt touched 
upon in the fit, but largely and fully 
explained in the fourth Part, by which 
(aſſuming that the heavenly Bodies were 
at firſt put into Motion by their Creator 
we are enabled to aſſign the Cauſe of 
the Continuation thereof, with all its 
Modifications and Irregularities; to 
determine the neceſſary Shape of thoſe 
Bodies; and to account for the ebbing 
and flowing of the Sea, &c. Difficul- 
ties, too great ſeemingly for human 

Reaſon to ſurmount | 
Some of the Phænomena which J 
have not been able to give a ſatisfactory 
Account of, from the abovementioned 
Principles, are the Reflection of Light, 
its Emiſſion from luminous Bodies, and 
the Formation and Aſcent of Vapour. 
This may be only owing to the want of 
better Acquaintance with the Circum- 
ſtances 
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ſtances of thoſe Phenomena ; that is, 
more ſufficient Data, or Facis to found 
their Solution upon: So that we are | 
not to conclude immediately, that the 
Principles are inſufficient ; but rather | 
to wait with Patience: The Diligence | 
of others may render that eaſy, which | 
our utmoſt Efforts at preſent are not 
able to ſurmount. 


However, as a Reader unacquainted | 


with Studies of this Kind, may wonder 
that ſo many of the Phænomena or Ap- 


pearances of Nature, ſbould be ac- 


counted for by ſo few Principles; and 


becauſe it may be a Means of giving 


him ſome Inſight into the Subject of | 
zheſe Sheets, I will here lay down the | 
following Propoſitions, which are imme- | 


diately deducible from the Principles, 
and alſo nearly connected with the Phæ- 
nomena 10 be accounted for by them; 
by means of which, he will more readily 
perceive the Connection or Relation be- 
zween the one and the other. 

| PROPOSITION 
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X111 
ProPOSITION TI. 


Matter is an naclive Subſtance ; 


that is, it is quite indifferent either to 
Motion or Reſt; inſomuch that the 
leaſt Force imaginable acting upon it 
will move it, if at Reſt; and alter 
its Courſe when moving 
no Body has a Power either of putting 
it ſelf into Motion, or of ſtopping or 
altering its Courſe when it does move. 


Notwithſtanding which, every Body 


: And further 


acts upon all others (provided their 


7 Diſtances be not too great) perpe- 
I tually endeavouring to put them into 
Motion. 


Hence we have the true Idea of the 
Gravity or Weight of Bodies belonging 
20 the Earth, and their Diſpoſition to 
deſcend towards it on all Occaſions. 


Thoſe Bodies are equally indifferent to 
Motion or Reſt; but by Virtue of the 


firſt Principle are e, that is, 
¶ drawn towards the Sun, the Moon, the 


ref 
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reſt of the Planets, and the Earth ; But ö 


towards this laſt more firongly than to- | 


wards any of the reſt ; and ſo they tend, 


gravitate, or are heavy towards that. 
The Neaſom that they are attracted more 
forcibly towards the Earth, than towards | 
thoſe other Bodies, is, that although 1it | 
be one of the Laws of the firſt Prin- 
ciple, that it operates according to the | 


Quantity of Matter in Bodies, and 


therefore the Attraction of the Sun | 


ſhould be the moft prevalent, in as much 


as that Body contains the moſt Matter; 


yet it is another Law of that Principle | 


or Diſpoſition, that it acts more flrongly 


according to the nearneſs of Bodies to Wt 
each other: This latter Confideration 


in the preſent Caſe, overbalances the | 


former ; and ſo the Bodies about us 
tend towards the Earth. 


PrRoPosIFTIoON II, 


If a large round Body be covered 
every where with ſmaller ones to an 
equal Height or Diſtance from its Sur- | 

| face; 
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face; and if thoſe ſmaller ones tend 
towards the large Body, by virtue of 
the firſt Principle, and are, at the ſame 

time, diſpoſed to fly from each other 
by virtue of the third; and ſuppoſing 
„ farther, that when they touch or are 
very near each other, their Diſpoſition 
Ito avoid each other exceeds their Ten- 
e dency to the large Body, and when 
4 they are at a certain greater Diſtance 
„from each other, that Diſpoſition is 
5 Rleſs than their Tendency to the large 
; Body: Then will thoſe ſmaller Bodies 
I keep at certain Diſtances from each 


y other, and conſtitute an elaſtic, com- 
% Preſſible Subſtance furrounding that 


large Body, and gravitating towards 
ze it on all Sides. 


Hence an Idea of the Mature and 
Condition of the Atmoſphere ſurround- 
ing the Earth, with all its Properties. 

N. B. V ben 1 ſay a Body tends 10 
another, I don't mean that it moves to- 
wards it, but only that it would move 

ET re towards 
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towards it, if nothing prevented. Thus, 
a Bird while mounting aloft into the 
Air, tends towards the Earth, as much 


as one that is falling down; for the one 
world fall as well as be other, if no- 
thing prevented. 


ProeosITioN III. 
If, while the abovementioned ſi maller 


Bodies are in the State ſuppoſed in the 
foregoing Propoſition, any one, or more 


of them, be made to move (ſuppoſe for 
Inſtance half way) towards the next, it 
will by virtue of the third Diſpoſition, 
drive or impel thoſe it comes nearer to, 
clofer together; which Bodies, when 
that other moves back again (as it 
will immediately do, being repelled by 
them) will recede from each other 
again: That is, a kind of tremulous 
Motion will be communicated to them 
by that other, and for the like Reafon, 
by them to the next; and fo on through 


the whole, or at leaſt to a great Diſ- 
tance from where it began. 


Hence 
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Hence we may form an I. * bow 
Sound is excited by the Tremors of a 


Body during its V. + mot and prope: 
— 3 the Air. 


PrxorosiTION Iv.” 


One of the Laws by which a 
ſecond Principle is obſerved to act, is, 
that Bodies act upon one another, not 
in Proportion to the Quantity of Mat- 
ter they contain, as by the firft Prin- 
ciple ; but only according to the 
Largeneſs of their. Surfaces, and the 
nearnefs of the Surface 817 one * Polly 
to that of e, er 3s 


From hence due may — tha 
ſuch Particles of Bodies as are flat os 
/quare, and ſo fituated among eachother 
as to touch or be very near one another 
in many Points, will conſtitute twhat- we 


call an hard Body, and thoſe Particles 
b which 
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which are more round, or ſo ſituated | [ 


that leſs Portions of abate Sur faces are 


near together, will attract one another 1 
with a leſs Force, and ſo form a ſofter * 


Body; thoſe which are round, or nearly 
fo, will attract one another ſtill leſs, 


and alſo ſlide more eafily over one ano- 


ther, and ſo form what we call a fluid 


Body. 


ProePOSITION V. 


When two Bodies meet together, if 
the Particles which conſtitute the one, 
be diſpoſed, by Virtue of the ſecond ? 
Principle, to move towards thoſe of the 
other with a greater Degree of Force, 
than the Particles of either Body are 
diſpoſed to move towards themſelves ; 
thoſe of the firſt will leave it, and run 
in among thoſe of the ſecond: And for 
the ſame Reaſon, thoſe of the ſecond : 
will ſever from that, leave it and enter | 
in between thoſe of the firſt. And if | 
the 
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the Motion with which this is done, be 
very violent, and the Bodies be of the 
inflammable K ind, their Particles by thus 
rubbing and claſhing one againſt ano- 
ther will be ſufficiently heated to take 
Fire, and will burſt out into Flame. 


Hence Diſſolutions, Fermentations, 
Exploſions, Eruptions of Vulcano's, 
Thunder, Lightning, Aurora Borealis. 
* /ith all other Phænomena of that 
i Tribe. 


PROPBOSITION VI. 


If a Pipe, open at both Ends, and 
of a very ſmall Bore, have one End 
2 dipped into Water, the Water will run 
; up into the Pipe above the Surface of 
the Water on the outſide (being drawn 


or up by the Tendency it has by the 


ſecond Principle to that Part of the 
inner Surface of the Pipe, which is 
it juſt above it, as it riſes) till that inner 

ö b 2 Surface 


| 
| 
1 
. 
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Surface which is ſtill juſt above it, be 


loaded with as great a Weight of 
Water as that 'Tendency can ſupport. 


Hence a right Motion of the Aſcent 
of Sap in Vegetables; the Suction of 
Fluids by Spunges: Mtb all other 
Phænomena reducible to that Head. 


Poros iron VII. 


If a Body moving right forwards, 
but obliquely with reſpect to the Sur- | 
face of another Body, at length comes 
ſo near that Body as to be diſpoſed by 
the ſecond Principle to tend towards 
it; inſtead of continuing to go right 
on, it will turn out of its Way towards 
that Body before it comes at it; and 
conſequently will ſtrike or enter it in 
a nearer Place, and in a leſs oblique 
Direction, than it would have done, 


in caſe it had gone right on. If it 


enters the Body, it ſtill keeps turning 
| | out 


* 

4 
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out of its Courſe the ſame Way as be- 
fore, till it has got ſo far within it, that 
there ſhall be as many Particles of the 
Body behind it to attract it backwards, 
tas there are before it near enough to 
attract it forwards: After which it goes 
fight on in its laſt acquired Direction, 
till it comes near the other Side; for 
while it is ſurrounded with as many 
Particles to attract it one Way as ano- 
ther, it is the ſame thing as if it were 
not attracted at all. When it has 
got ſo near the other Side, that there 
are fewer Particles before it to attract it 
7 forwards, than there are behind it, near 
enough to attract it backwards, it then 
begins to turn out of its Courſe towards 
the inſide of the Body; that is, from 
that Side of the Body towards which 
it is going; and continues to bend its 
23 Courſe the fame Way, till it has got ſo 
far out of the Body, that there are no 
Particles of the Body behind it, near 
enough to it to attract it any more. 
Wo After 
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After which it purſues an undiſturbed | 


Courſe in the Direction it acquired 
laſt of all. | 


Hence we have 'a juſt Idea of the 
Refraction of Light with all the Phæ- 
nomena ariſing tberefrom ; which are 


no other than fo many Caſes of this | 


Propoſition. 


ProPoOSITION VIII. 


If ſeveral Bodies be moving right 
forwards, and at length be attracted 
by another Body, as ſuppoſed in the 
foregoing Propoſition, but ſome with 
greater Degrees of Force or Intenſeneſs, 
than others; thoſe which are attracted 
with the greateſt Force, will turn the 
fartheſt out of their Way towards that 


Body; and conſequently if all of them, 


before this happened, were moving in 


one Direction, they will be made to 
york from each = and move dif- 4 


erent Ways. 


Hence 
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Hence an Idea of the different Re- 


# frangjbility of the Rays of Light. 


PRO POSITION IX. 


If a Body be made to move from 
another Body, towards which by the 
firſt Principle it tends, its Motion will 
be retarded continually; that is, it will 
move ſlower and ſlower: If it moves 


towards that Body, its Motion will be 


continually increaſed; and unleſs it be 


made to move directly to or from it, 


its Courſe will always keep bending 


towards it, ſo that it ſhall deſcribe a 
Curve, concave, or hollow, on the 


side next the Body. 


Hence all the Phænomena of falling 


Bodies, and of Projectiles. 


PRO —POSTLITION X. 


If a Body, that by the firſt Principle 


tends towards another Body, moves 
b 4 towards 
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towards it on the Surface of an in- 
clined Plane, its Motion (as in the 


foregoing Propoſition) will be continu- 
ally increaſed ; and if it moves from it 


on the ſame Plane, its Motion will be 
retarded continually, but leſs in Pro- 
portion to the Obliquity of the Plane: 
(that is, leſs in Proportion as the Plane 
deviates from the Perpendicular) the In- 
terpoſition of the Plane preventing in g 
ſome Meaſure the Effect its Tendency | 
to the other Body, would otherwiſe pro- | 
duce, And the Velocity it acquires by | 
rolling down one Plane, will by virtue 
of its J Inacſivity, or that Diſ poſition ö 
Bodies have to continue their — of 


Motion or Reſt, inable it to roll up | 
another fitly diſpoſed. 


PROPOSITION | 


: 
| 


Hence the Solution of the Phæno- 4 
mena of Bodies deſcending on in- 


clined Planes and the Vibration ef 
Pendulums, | 


1 
YH 
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ProeosITION XI. 


If a Body, acted upon by the firſt 


Principle, be cauſed to move to or 
from another, in any other Direction 
than ſuch as paſſes through the Center 
of that Body, the firſt Body when left 
to itſelf, will begin to bend its Courſe 
towards that other Body; and if the 
Direction it moves in and the Velo- 
city it moves with, be properly ad- 
juſted to each other, it will move 
quite round that Body without touch- 
ing it or coming to it: and if that 
Adjuſtment be ſuch, that the Body 
1 ſhall return to the Place it ſet out 
" from with the ſame Velocity and Di- 
rection it had when it was there be- 
4 fore, it will revolve round that other 


Body over and over again in the ſame 
Path, 


From 


which they both ſhall alſo tend, the : 


perhaps be oppoſite to its own Motion. 
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From hence we have the Solution of & 
the Motion of the primary Planets ! 
round the Sun, and of the ſecondary 4 
ones round the Primary. 5 


PROPYOSITION XII. 


If a Body be revolving about ano- : 
ther as in the laſt Propoſition, and a 
third Body approaches them, towards 


Motion of the revolving Body will be 
diſturbed: That is, its Path will be 
altered, and Irregularities in its Courſe 
will enſue; becauſe its Tendency to 
that third Body in ſome Parts of its 
Courſe will conſpire with, and in others 


And not only ſo, but the Jendency it 
has to the Body about which it revolves, 
will in ſome Situations be increaſed, and 
in others be diminiſhed by the Action 
of the third; which will alſo conduce 
towards altering its Courſe. ; 
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Hence the Lunar Irregularities, and 
ts Mall other Diſturbances in the Motion 
Jof the Heavenly Bodies on their too 


near Approach towards each other. 


Pzorost $20 3 XIII. 


*Z Imagine a large Body covered all 
over with ſmaller ones tending to its 
Center: - Suppoſe alſo a diſtant Body, 
towards which they all tend, but the 
little ones with leſs Degrees of Force 
than they do towards the Body they 
cover. Then will ſuch of thoſe 
2 ſmaller Bodies, as are neareſt the diſ- 
tant one, loſe Part of their Tendency 
to the Body they cover; and ſo will 
it thoſe ſmaller ones which are fartheſt 
s, | off, or placed on the oppoſite Side the 
13 8 large Body. But, as to thoſe ſmaller 
on Bodies, which are at the ſame Diſ- 
ce tance from the diſtant Body with the 

1 Center of the large Body itſelf, their 


ce T endency 


i 
greater Difference in the Weight of 1 
] 
1 
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Tendency to the Body they lie upon, 
will be increaſed. The reſt will have U 
their Tendency increaſed or diminiſhed % 

more or leſs, according to their Near- 
neſs to thoſe whoſe Tendency is in- 


ereaſed or diminiſhed the moſt a). 


Hence ariſes the Difference in the 3 
Weights Bodies have upon the Earth's | 
Sur face, at the Approach and De- 


parture of the Heavenly Bodies, [but 


chiefly of the Moon, to or from that 
Side of the Earth where the Bodies are; 
and conſequently the ebbing and flowing 
of the Sea, the Water riſing where its 
FF eight or Tendency to the Earth is di- 
miniſbed, and finking at the ſame Time 
in thoſe Places where its Weight is Ft 
augmented. That the Approach and % 
Departure of the Moon - ſhould cauſe a Þ 


Bodies on the Earth, than the Ap- F1 


a) What is affirmed in this and the foregoing Propoſition, lt - 
depends on a Train of Reaſoning too long to be inſerted here. 1 
To underſtand it throughly, read Chapters the 18th and 19th 
ef Part the Fourta. | 
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Proach and Departure of the other 
Nleavenly Bodies, is owing to the near- 
Wre/s of the Moon to the Earth; which 
r- FConfideration in this Caſe overbalances 
n-te Confideration of her Smallneſs, the 

Rabove-mentioned Effects depending in a 
great Meaſure, on the Proportion the 
Diameter of the Earth bears to the 
J's ¶ Diſtance of the Heavenly Bodies. 


ut | PrRoeosSITION XIV. 

at | 

2 If a Body, whoſe Parts tend to the 
ig Center thereof, conſiſts wholly of a 


Fluid, or be partly ſolid and partly 
;- fluid, provided ſome of the Fluid be 
Jat the Surface, and very diſtant Parts 
is thereof communicate with each other; 
1d fand the Body have no Motion about 
@ Fits Axis, it will ſettle into a ſpherical 
of FForm, the mutual Tendency of its 
Parts towards each other, contracting 
git into the leaſt poſſible Shape. But 
if it revolves about its Axis, all its 
7 Parts 


| beſides, as is evident, the former will 
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Parts will endeavour to fly off from 
that Axis; but ſuch as are fartheſt 
from the Axis, more than the reſt: 
Conſequently thoſe Parts in its Surfade, 
which are the fartheſt from the Ex- 
tremities of that Axis, being alſo far- 3 
theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than p 
ſuch as are nearer thoſe Extremities T 5 


4 
a 


endeavour to fly off directly from the 
Center, but the latter not ſo. The 
above-mentioned Endeavour therefore 
in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and ſince the ſame may 
be ſaid of cha which are at any other 
aſſignable equal Diſtances from the 
Center, all thoſe which lie between 
the Center of the Body, and ſuch, as 
are fartheſt from the Extremities of 
the Axis, will have their Tendency to 
the Center much more Amed 
than 


| 
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m han thoſe will, which lie between the 
ft Venter and the ſaid Extremities: Theſe 
t: Matter Parts therefore will preſs in to- 
e, Wards the Center, overbalance the for- 
x- mer, and raiſe them to a greater Diſ- 
r= tance from it than they were at before, 
a | eſtoring thereby an Equilibrium of the 
an Parts of the Body one among another. 
On which Account the Body will aſ- 
1 ſume a flattiſh or oblate Form. That 
he is, ſuppoſing Lines drawn through the 
he middle of its Axis at right Angles there- 
re Fvith, thoſe Lines will be lengthen'd and 


ch the Axis itſelf will be ſhorten'd. 
to 
he Hence the Figures of the Heavenly 


Bodies. 


he PROPHOSTITION XV. 


The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
Forwards, depends not only on the 
Bantry of Matter in that Body, but 
likewiſe 


turns on its Center, having equal De- 


have the Advantage, and preponderate.| 
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likewiſe on the Swiftneſs the Body moves 
with: Thus, the Stroke of an Hammer * 
is not only according to the Bulk or 
Weight of its Head, but is alſo accord- 
ing to the Swiftneſs of the Motion it | 
ſtrikes with. If therefore two Bodies 
of equal Quantities of Matter be ſuſ-? 
pended at the Ends of a Lever of equal} 
Arms, each of them when the Lever 


grees of Swiftneſs or Velocity, will 
therefore have the ſame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumſtances with 
reſpect to both thoſe things, which 
alone can give the one a Force or Ten- 
dency to move with, ſuperior to the 
other) and conſequentiy neither of them 
will preponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 


If the Arms of the Lever are unequal} 
and 


bi 
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and the Bodies equal, that Body which 
is at the greateſt Diſtance from the 
Center of Motion, moving the quickeſt, 
will have the Advantage over the other 
that way, and overpoiſe it. So that 
the leaſt Body or Power, imaginable, 
may be made to equiponderate, over- 
Y poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a Machine, 
Hand in ſuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
Aby the Velocity it has, compared with 
the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 
Fover-poiſed, or moved by it. 


This holds equally in all Machines, 
nd is the Foundation of their Theory. 


dit) PROPHOSITION XVI. 


Imagine the Surface of a large round 


ate 4 

nal Body to be covered every where, or in 
) 7 

and * Part, 
L 
[ 
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Part, with ſmaller ones to an equal 4 
Height, and that theſe ſmaller ones 
tend towards the large Body by the 
firſt Principle; imagine alſo the whole | | 
Maſs of ſmaller ones divided into Co- 3 
lumns reaching from top to bottom; 
thoſe Columns, if their Baſes be equal, 
will equiponderate, or be an equal 
Counterpoiſe to one another; and ſo 
they will, if their Baſes be unequal :| : 
For in this Caſe the Columns being off 
unequal Size in Diameter, if a Jargerl 
Column ſubſides, the lower Parts of 
that Column (to find Room for chem! 
ſelves) will raiſe a ſmaller Column 
farther than the larger one ſettled in 
the ſame time, and in ſuch I 
that, what the little Column wants in 
Weight, will be made out to it in 
5 and conſequently, wait | 

ing to what was ſhewn in the fore. 
going Propoſition, the little Column 
will be a juſt Balance to the greater. | 


% 
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Farther 
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8 Farther, if in the abovementioned 
I Suppoſition, there be a Body among 
thoſe ſmaller ones, heavier than a 
: GBulk of them equal to its own mn, 
$ Column of which that Body is 
Part, will be heavier than any . 
olumn of an cqual Baſe; it will 
I therefore ſubſide, permitting the Body 
Ito come to the Bottom: if the Body 
Ibe lighter than a Bulk of the ſmaller 
Jones equal to its ov/n Bulk, a Column, 
Jof which it makes a Part, will be 
Mighter than any other; the Body 
therefore will be buoy'd upwards, till 
Wt riſes ſo far out above the Surface, 
Fthat it, together with the Column 
Fbclow it, may be a Counterpoiſe to 
another Column of equal Bale. 
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Hence the Effects of the Preſſure of 


Fluids upon one another, and 2 
olids immerſed in them, 
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PRO POSITION XVII. 


Imagine the Surface of a large L 
round Body covered every where, or I 
in Part, with ſmaller ones to an equal 
Height ; and that theſe ſmaller ones 
tend towards the large one by the firſt ;; 
Principle, and that they are at the 
ſame time diſpoſed to fly from one 

another by Virtue of the third, con- 
ſtituting thereby an elaſtic Subſtance 
ſurrounding that large Body, as inf 
Propoſition the ſecond ; and let them 
be divided into 8 as in the 


[0 

C 

0 

n 

if 
1. 
laſt Propoſition. And let it be far- y 
a 

( 

f 

1 

2 

f 

1 


= © 


ther ſuppoſed, that the Diſpoſition in? 
thoſe ſmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increaſed by Heat; 
and that at the Bottom of ſome ot: 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elſe, 
or at leaſt not in ſo great a Degree: 
chen 
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then will the Bodies, where that Diſ- 


poſition is increaſed, diffuſe them- 
ſelves into a larger Space, and ſo 


taking up more Room than an equal 
Number in the neighbouring Columns, 


a Column of which they are a Part, 


will become lighter than a neighbour- 
ing one of an equal Baſe, For, ſince 
the Bodies in the lower Parts of this 
Column are more diſtant from each 
other, than ſuch as are in other Co- 


lumns, this Column cannot contain fo 
many of them; that is, it cannot be 
ſo heavy as another of equal Baſe, un- 
leſs it be longer; that is, unleſs the 
uppermoſt Parts thereof ftand out 
above the Tops of the neighbouring 
Columns ; but this they will not do; 


for by Views of the Tendency thoſe- 


Parts have to the large Body, they 
will immediately (like Water raiſed 
above the Banks, which before con- 
fined it) ſpread themſelves every Way. 
This Column therefore, which, ac- 

4 cording 


xxxvii PREFACE. 


cording to the foregoing Propoſition, 4 
betore this happened, was a Counter-W 
poiſe to thole, which are round about | 
it, being now become lighter, is no? 
longer ſo. 'The Conſequence of which} 
is, that the lowermoſt Parts of the 1 
neighbouring Columns, will preſs in 
under this from all Sides to reſtore the 
Equilibrium. Neither can the Equi-Wcc 
librium be reſtored, ſo long as the a 
Place we have been conſidering re- C 
mains hotter, than thoſe which are F 7 
round about it. For, fince the Bodies, 
that come in, will ſpread themſelves - 
into a larger Space by Means of the} 1 
Heat they receive there, and fill up 
more Room, than the like Number in 
another Column of equal Baſe, the 
Column to which they belong, will, 
for the Reaſons abovementioned, 41 I 
Ways be lighter than another of equal 
Baſle. And conſequently, according 
to the Tenour of the foregoing Pro- f 
poſition, the neighbouring — 1 
WI 
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n, will overpoiſe it, whatever Dimenſions, 
-r-Was to their Baſes, we ſuppoſe them to 
be of. 


. 
me 
. 
F. 


Inmagine the like to happen to a Co- 
lumm or Columns of the Earih's At- 
¶anoſphere, and the lower Parts of the 
neighbouring Columns rufhing in ac- 
JF cordingly at the Bottom from all round, 
and you have an adequate Idea of the 
Cauſe and Mature of the Winds; 
every Stream of the Particles of the 
b AAmaßpbere ruſbing in, as above, being 


a diiſtindt Wind blowing from that 
ö Point of the Compaſs from which they 
came. And if you concerve the Center 
F that warmer Space to ſhift its Place 
¶ varioufly upon the Surface of the 
Il, Earth, you then get the Idea of the 
7 Vveral Sorts of them, as the Trade 
- Winds, Monſoons, &c. For Inſtance, 
Fi. foifrs regularly along the ſame 
| Patb, it cauſes Trade Winds; if now 
ns C 4 forwaras, 


lh 
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forwards, and then backwards, Mon- 
foons, &c. 1 


12 

Theſe are the Principal Phænomena 4 4 

in Natural Philoſophy that are inde- 
pendent of each other; the reſt are ii 
the mojt Part, no other than 2 many 
particular C "aſe, Circumſtances, or i 
Conſequences of theſe, or, in ſhort one 
way or other related to them. For ge 


Solution of which, I refer the Reader | 1 
zo the Book it 25 


From a due Confideration of the | b 
Propoſitions here laid down, the Reader 
will be able to form a true Judgment of Md 
the Mature and Buſineſs of Natural Wc 
Philoſophy 3 vill ſee the Uniformity 7 
and Conſiſtency of the ſeveral Parts Hr 
thereof with each other, and therein the 3 7 
wonderful Wiſdom and Contrivance of ® | 
the ſupreme Being, in chooſing /o ſhort Nc 
and eaſy a Methed of producing /o great 

2 Variety of Effects. e 
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= There is one Thing more 1 think 
1 proper to be taken Motice of, before 1 
a pus an End to this Preface; viz. That 
it has been a ſtanding Objettion againſt 
pr | I 2 Natural Philoſophy in general; 

7 hat whereas it aſcribes E ffefts to na- 
r | ral or mechanical Cauſes, acting by 
A Inxed and unalterable Laws, it there- 
3 ore excludes a Providence and the 
or immediate Care and Protection of the 
ſupreme Being, making him no other 


han an Idle 8 — of Things here 


= e/ow. 


be 


1. In Anfwer to 'his it is to be conſe 
I adered in the firſt Place, that the Prin- 
al ciples of the Philoſophy which is now 
wi received, are ſo far from being mecha- 
1% nical Cauſes, at leaſt thoſe which are 
be ¶ here made L ſe of, that, as above demon- 
of 4 rated, they are the very Reverſe; and 
th Y conſequently can be no other than the 
at continual acting of God upon Matter, 
either mediately or er no. 
quently 
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foreign. But to confider this Matter all IJ 
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guently Natural Philoſophy, 4y en- 1 


deavouring to accoumt for the Pheno-l p 
mena of Mature by thofe Principles, ith 3 | 
7s evident that it is fo far from ex- r. 
cluaing the Deity from being concernedl 
in the Affairs of this World; that it 
tends to fhew that none are performed 
without his Order and Direction. + 
Weither, ſecondly, does Natural Philo- 


ſophy inculcate, that the Laws by which I; 


thoſe Principles act, are fixed and un- F 2 
alterable: The Accuſation is therefore 


little more particularly. 

Apen, in Natural Philoſophy, a: 
Principle is ſaid to act according 70 4 
a particular Law, the Meaning is 20% 07 
that it acts neceſſarily and unalterablyj 10 


1 


ſo ; but only, that it does ſo ordinarily, Au 


and in common Caſes. Doubtleſs the 


Author, 4oth of Matter and of thoſe | 
very Principles by which it acts, can, 
notwithſtanding thoſe Principles, cauſell 
it to be not differently from what A ; 
worl, 


1 


„ 
"2 
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I : would do in conſequence of them alone, 
-d ſo by that means produce Effects 
1 Fontrary to the common. Courſe of Ma- 
ure, whenever he ſhall think proper. 
ed LY hat he has done ſo, when wiſe Ends re- 
it quired it, appears from Hiſtory. That 
ed 3 it may be done a Thouſand Ways, un- 
¶ erceived by us, is evident, For Inſtance, 
bough Lightning may be accounted for 
2 theſe Principles; and in all Proba- 
hility is ordinarily the Reſult thereof ; 
Per who will affirm, that in any one 
particular Caſe, that thoſe Principles 
rmed that very Lightning, or that 
ts Courſe was directed by them? U, port 
he whole therefore, to preſume, that the 
ordinary and common C ourſe of Mature 
W's nt ſometimes altered, is haſty and 
Funwarrantable. 


| 


MATERIAL ERRATA. 


PREFACE. Firſt Edition. 
Page Line Ioflead of | Read, 


10 — I — dele is 1 — 
206 — 23 — incerted — inſerted 


APPENDIX to Part I. Firſt Edition? 


W Curve — Courſe | 
Force in the other; 
and BG the Time 

Fo — 2and 3 — Time in the other 4 in one Caſe, and 
MN the Time in 
the other | 


PART III. Second Edition. 2 . 

108 — 24 — fituatedat — at, ſituated w 

202 — 23 and 25 — LM, BL — LMq,Blq i 0 

| 1 $ 0 

PART IV. Firſt Edition. Te 

10 

34 — 32 — XV — XVI | 
226 — 13 — CA — EA 
235 — land 2⁊2 — 11 and iz — 12 and 14 

239 — 22 — 2 _ I1 


A A 


xlv 


T H E 


o 
- 


CONTENTS. 


= 


I. 


MECHANICS, 


1 HE Introduction, Page x 
1 CHAPTER I. Of the Properties of Body, 7 


Crap. II. Of Vacuum, 10 

CHAP. III. Of Attraction and Repulſion, 12 

Cray. IV. Of the Laws of Motion, 20 

Chr. V. Of falling Bodies, 24 

d CHay. VI. Of the Deſcent of Bodies on oblique Planes, 
14 1 and of Perdulums, 28 
8 Cray. VII. Of Prejectiles, | 35 
Cn. VIII. Of Central Forces, 43 
nr. IX. Of the Communication of Motion, 48 
enar. X. Of the Mechanical Powers, 58 


APPENDIX to PART I. 


CHAPTER I. Of the Vibration of a Pendulum in a Cycliid, 
Char. II. Of the Centers of Oſcillation and Percuſſion, 


PART 


. * ee» gn, bf 
"FE Ce 
=> £2 1 1 


— — . * = - 
— - — — — — 
- 


F 


„„ 


Hydroſtatics and Pneumatics. 


CrnarreR I. Of the Phenomena which ariſe from the C 
mutual Action of the Particles of Fluids upon one C 
another, Page 3 b. 

car. II. Of the Effect Fluids have on Salids — 3 
therein, 27 8 

Crap. III. Of the Air, 33 Wc 

Chr. IV. Of the Reſiſtance of Fluids, 418 

Diſſertation I. Of Sound, 41 Ne 

Diſſert. II. Of Capillary Tubes, 571 

Diſſert. III. Of the Origin of ' Fountains, 73 W7 

Diſſert. IV. Of the Barometer, 83865 

Diſſert. V. Of the Origin of the Winds, 11565 

Diſſert. VI. Of the Formation and Aſcent of Vapours and 
their el, into Rain, Snow and Hail, I 308 / 

Piſſert. VII. Of the Cauſe of Thunder and Lightning, and 
of the Aurora Borealis, 1438 

Diſſert. VIII. Of Fermentation, 17088 

. 
7 
Or T ICS. * 


Aa I, Of the Nature and Propagation of Light, 

age 3 
Cray. II. Of the Cauſe: of Refraftimm and the ol 
whereby it is performed, 97 
CAP. III. Of the Refrattion of Light in paſſing througi 
plain and ſpherical Surfaces, 15 

Char. IV. Of Lenſes, and the Manner in which Rays an 
_ affetted in paſſing through them, 448 
Chae. V. Of the Eye, 5 
ChAp. VI. Of the Nature of Viſion, 504 


1 


CUNT EO F % xlvii 
HAP. VII. Of the Appearance of Objects ſeen through 


4 Media of different Forms, 72 
Diſcrtation I. Of the Horizontal Moon, 86 


WC: ay. VIII. Of the Manner wherein Light is reflected, g7 
Cay. IX. Of the Reflection of Light from plain and 
1 ſpherical Surfaces, 100 
ena. X. Of the Appearance of Bodies ſeen by Light re- 
1 fleftted from plain and ſpherical Surfaces, 118 
Cray. XI. Of the different Refrangibility in the Rays of 
1 Light ; of the Colours the diſtinet Species of them are 
diſpoſed to excite ; and of the Cauſe of that Varicty 
A of Colours which is obſervable in Bodies, I 34. 
na. XII. Of the Qualiſications in Bodies, which diſpoſe 
4 them to reflect the Rays of different Colaurs, 147 
Char. XIII. Of the Cauſe of Opacity and Tranſparency 


| in Bodies, 154 
Diſſert. II. Of the Cauſe of Ræfraction of Light, 158 
= Diſler-. II. 35 Microſcopes and Teleſcopes, 169 
= Diflert. IV. Of the Rainbow, 189 


: Of the Obſcura Camera, and the Magic Lantern, 210 


. 


ASTRONOMY. 


The Introduction, Page 3 
CHaPTER I. Of the Bodies which compoſe the Solar Syſtem, 

f and their real Motion, "Ip 
„ Nena. II. 9 the fixed Stars, 25 
ze FC Hay. III. Of ſuch of the apparent Motions of the heavenly 
s Bodies, as ariſe from the Motion of the Earth about 


* 
4 
4 


* 


99 its Axis, 33 
na. IV. Of the apparent Motion of the Sun ariſing from 
# the Earth's revolving about it, 35 


HAr. V. Of the Earth's annual Parallax, the Nutatian 


of the Poles, and the Preceſſian of the Equine@ial 
Points, 52 


CHAP. 


hl COUNTESTS 
Cray. VI. Of the Phenomena which ariſe from the 222 
of the Earth, and of the inferior Planets Mercur) 4 
and Venus, conjuintly, 53 


Char. VII. Of the Phenomena which are owing to th 4 
Motion of the Earth, and that of the BR Planets, 


Mars, Fupiter and Saturn, conjointly, 668 
Cnay, VIII. Of the Phenomena o of the Moon, 714 I 
CAP. IX. Of the Eclipſes of the Sun and Moon, 86 


CHAP. X. Of the Phenomena of the Satellites © 7 Fupitl 
and Saturn ; their Eclipſes and 2 : Ani 


alſo of Saturn's Ring, 979 | 

_ Cray. XI. % the Comets, : 1 
Char. XII. o the Parallax of the heavenly Bodies, 1 "| 
Cray. XIII. Of the — of the Atmoſphere, and 1 

oth or Twilight, 117 4 

CAP. XIV. Of the Doctrine of the Sphere, 12 5 

. Cray. XV. The Deſcription of the Orrery and the Globes, 1 

1478 

Cray. XVI. Of the Equation of Time, 1738 

Char. XVII. Of the Diviſion of Time, 1810 
Chap. XVIII. Of the Forces neceſſary to retain Bodies re. 

volving in circular and other Orbits, 203 - 


Chr. XIX. The Lunar Irregularities, the Proceſſion ＋ 
the Equinoctial Points, the Nutation of the Poles if} 
the E — and the Elbing and Flowing of the S al a 
accounted for, 2408 


CHAP, XX. Of the Fi igures of the Heavenly Bodies, 274 


A 


_ BC omrnn DIOUS SYSTEM 
587 
bf O F 
nets, 5 
＋ 1 Philoſoph 
LNatural Philoſophy. 
piter 5 | 
Aud With NOTES, 
937 
„ MATHEMATICAL DEMONSTRATIONS, 
1 
1259 AND 
bes, 4 
I 70 : Some Occaſional REMARK Ss, 
181 g n a 
re- 
203 PAREL 
N * 
es off The PROPERTIES of Bopits. 
Sea Their Laws of MoTion. And 
* The MECHANICAL PowERSs. 


By J. ROW NING, M. A. 


Rector of Ax p ERB in LIN coLNSHIRE, and late 
Fellow of MacDaLEn College in CAM BRI DOE. 


The FIFTH EDITION, with ADDITIONS. 


F 


Printed for S AMMUEL HAR DIN c, on the Payement in 
St. Martin's-Lane. 
MpccriI. 


(Price 15. 6 d.] 


F 
3 
=.” 
* 


FORE] 
A 


OMPENDIOUS SYSTEM 


Y Natural Wendet 
Nan I. 


The INTRODUCTION. 


O wild and extravagant have been the 

Notions of a great Part of Philoſophers, 

both ancient and modern, that it is 

hard to determine, whether they have 
zen more diſtant in their Sentiments from 
Truth, or from one another; or have not 
xceeded the Fancies of the moſt fabulous 
riters, even Poets and Mythologiſts. This was 
wing to a precipitate Proceeding in their En- 
Wuirics, and a Neglect of Geometry and Ex- 
eriment; without the Aſſiſtance of which, 
is impoſſible the Powers of natural Agents 
ould be diſcovered, 


Trz Manner of Philoſophizing among the 
W ncients was to aſcribe to Bodies certain arbi- 


A trary 
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trary Properties, ſuch as beſt ſerved their Pur. 
poſe in accounting for the Phenomena * off 
Nature; from whence proceeded ſo many vari- 
ous Sects of Philoſophers ; every one aſſigning 
a different Cauſe to the ſame Appearance, as his 
particular Genius and Imagination led him. 


TAE chief Agreement obſervable among 
moſt of them, conſiſts in this, viz. that they 
conceived all Bodies, as Compoſitions of Air, 
Earth, Fire, and Water, or ſome one or more 
of them, from whence theſe acquired the 


Name of Principles or Elements, which they n 
ſtill retain, « 


2 
Ee1cuRvUus advanced a little farther, and 1 


aſſerted, that though Bodies conſiſted of ſome a 
one or more of theſe, yet that they were not . 
ſtrictly Elements, but that theſe themſelves con- 
ſiſted of Atoms; by an accidental Concourſe 
of which (as they were moving through infinite = 
Space in Lines nearly parallel) all Things re. , 


ceived their Form and Manner of Exiſtence . 


Ds CARrTEs has contrived an Hypotheſis 
very different from the reſt : He ſets out with 1 k 


* By a Phznomenon of Nature, is meant any Motion or $i \ 
tuation of Bodies among one another, which offers itſelf to the N 
Notice of our Senſes, and is not the immediate Reſult of th: 

Action of an intelligent Being. 


+ For the Opinions of the ancient Philoſophers, © conſul 
Diogenes Laertius, and Stanley's Lives. 


Supps 
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y full of Matter; that from this Matter, when 
"WT firſt put in Motion, there would neceſſarily be 
W rubbed off (by the grinding of the ſeveral Parts 
Jone againſt another) ſome Particles ſufficiently 
fine to paſs through the hardeſt and moſt ſolid 
Bodies without meeting with any Reſiſtance : 


* Of theſe conſiſts his Materia ſubtilis, or Mate- 
11 ria primi Elementi. He imagined, that from 

' hence alſo would reſult other Particles, of a 
8 globular Form; to which he gave the Name of 
ke Materia ſecundi Elementi. Thoſe which did 


not ſo far loſe their firſt Figure, as to come 
under the Denomination of Materia primi or 


menti ; and maintained, that all the Variety, 
which appears in natural Bodies, was owing to 
different Combinations of thoſe Elements, 


He likewiſe ſuppoſes, that God created 4 
certain Quantity of Motion, and aſſigned it 
to this Maſs of Matter; and that That Mo- 
tion (being once created) could no more be 
annihilated, without an omnipotent Hand, 
than Body itſelf : In Conſequence of which, 
he was obliged to teach, that the Quantity of 
Motion 1s always the fame: So that, if all the 
Men and Animals in the World were moying, 
yet ſtill there would be no more Motion 
than when they were at Reſt, the Motion 
which they had not, when at Reſt, being 

A 2 transferred 


& Suppoſition that the Univerſe at firſt was entire« 


ſecundi Elementi, he called Materia tertii Ele- 


| 
4 
* 
bi 
7 
if 
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transferred to the Ether. So unaccountable WW 


are the Notions of this great Philoſopher, that 
it is ſurprizing his Doctrine ſhould have met 


with ſuch univerſal Reception, and have got £ 


ſo ſtrong a Party of Philoſophers on its Side. 


Des CARTEs has been faid, by a late 
Writer *, to have joined to his great Genius an 
exquiſite Skill in Mathematicks, and, by mixing 
_ Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in the 
But this Writer ought to have con-| 
ſidered, that what he looked upon, in Drs} 
CarTEs's Book of Principles, as Demon- 
ſtrations, are only Illuſtrations, there not being 
a Demonſtration from Geometry in all his Phi- 


latter. 


loſophical Works +, 


Tn preſent Method of Philoſophizing, 
eſtabliſhed by Sir IS AAC N EWTON, is to 


find out the Laws of Nature by Experiment; 
To this, with a proper 


and Obſervations. 
Application of Geometry, is owing the great 
Advantage the preſent Syſtem of Philoſophy 
has over all the preceding ones, and the vaſt 
Improvement it has received within the laſt 


Mr. Wetton, in his Reflexions on ancient and modern 
Learning. 


+ See this Subject diſcuſſed more at large in Neil's Intro- 
Age. 


duction to his Examination of Dr. Barnet's Theory. 


Ifirſt propoſed by my Lord Bacon *, 
Wcuted by the Royal Society, the Royal Academy 
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Age. It is indeed in vain to imagine, that a 
WS yſtem of Natural Philoſophy can be framed 


dy any other Method; for without Obſerva- 


ions it is impoſſible we ſhould diſcover the 


Phenomena of Nature, without Expetiments 
e muſt be ignorant of the mutual Actions of 


Bodies, and without Geometry we can never 


e certain whether the Cauſes we aſſign be 


Wproportionate to the Operations we would ac- 


ount for, as the various Syſtems of Philo-. 


Wophy built on other Foundations evidently 
| ſhew. 


Tris Way of ſearching into Nature was 
proſe- 


at Paris, the Honourable Mr. Bo v LE, Sir 
Is AAc NEWTON, Ge. 


Wu Ar wonderful Advancement in the 


Knowledge of Nature may be made by this. 
Method of Enquiry, when conducted by a 


Genius equal to the Work, will be beſt under- 
ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 
it is principally owing, that we have now a 
rational Syſtem of Natural Philoſophy; tis He, 
who, by purſuing the ſure and unerring Me- 
thod of reaſoning from Experiment and Obſer-. 


* See his Novum Organum. 


A3. 


vation, 
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vation, joined with the moſt profound Skill in 
Geometry, has carried his Enquiries to the 1 
moſt minute and inviſible Parts of Matter, al 
well as to the largeſt and moſt remote Bodialf 
in the Univerſe, and has eſtabliſhed a Syſtem} 
not ſubje& to the Uncertainty of a mere Hypo- 
theſis, but which ſtands upon the ſecure Baſu 
of Geometry itſelf, 


. 


, CHAP 


26 a. 
CHAP. I. 


The Properties of Budy. 


* 
: 


T being the Deſign of Phyſics, or Natural 
1 Philoſophy, to account for the Pheno- 
mena of the Material World, it is neceſſary 
to begin with laying down the known Pro- 
perties of Body. | 

THESE are, 1. Solidity. 2. Extenſion: 
2. Diviſibility. 4. A Capacity of being moved 
from Place to Place. 5. A Paſſiveneſs or In- 

activity. 

1. SOLIDITY, called alſo Impenetrability, 
is that Power which Body has of, excluding 
all others out of its Place. 

Tur Body, as ſuch, muſt be endued with 
this Property follows from its Nature, for. | 
otherwiſe two Bodies might exiſt in the ſame | 
Place, which is abſurd. The ſofteſt are equal- | 
ly ſolid with the hardeſt; for we find, by Ex- 

periment, that the Sides of a Bladder, filled 

with Air or Water, can by no Means be made | 
to come cloſe together *. | | 


2. THAT | 


\ P 


* At Florence a hollow Globe of Gold was filled with Wa- . | 
ter, and then exactly cloſed ; the Globe thus cloſed was put | 
into a Preſs driven by the Force of Screws; the Water, find- | 
ing no Room for a nearer Approach of its Particles toward | 
each other, made its Way through the Pores of that cloſe | 

A4 : Metal, | 


ſible; for, ſince no two Particles of Matter can 
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2. THAT Body is extended, is ſelf-evident, 
it being impoſſible to conceive any Body 
which has not Length, Breadth, and Thick-W 
neſs, that is, Extenſion. | 
3. IT is no leſs evident, that Body is divi- 


exiſt in the ſame Place, it follows that they are 
really diſtin&t from each other, which is all 
that 1s meant by being diviſible, 

I'n this Senſe, the leaſt conceivable: Particle 
muſt ſtill be diviſible, ſince it will conſiſt of 
Parts which will be really diſtinct . To 1l- 
luſtrate this by a familiar Inſtance : Let the 
leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface; tis evident, 
the Surface will not touch it every where; 
thoſe Parts, therefore, which it does not touch, 
may be ſuppoſed ſeparable from the other, and 
ſo on as far as we pleaſe; and this is all that tic 


| CC 
Metal, ſtanding. in Drops like Dew on the Outſide, before the 
Globe. would yield to the violent Preſſure of the Engine, 
V. Acad. del Ciment. ; Pa 
| Cz 


* This Propoſition is demonſtrated Geometrically thus: Sup- b 
poſe the Line 4 D (Fig. 1.) perpendicular to BF, and another, as ; 
GH, at a ſmall Diſtance from it, alſo perpendicular to the ſame f 
Line; with the Centers C, C, C. &c. deſcribe Circles cutting the 4 
Line G H in the Points e, e, e, &c. Now the greater the Ra- 
dius 4 C 1s, the leſs will be the Part e H. But the Radius may be 8 
augmented i infinilum. So long, therefore, the Part E H may 
be divided into {till leſs Portions ; conſequently it may be divided wp 
in infinitum. 2, E. D. V. Keil's Introd. ad Phyſ. Præl. 3, Ml © 
4, $. Grave/ande's Elem, Math. Phyſ. L. 1. C. 4. Schol. 
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meant, when we fay Matter is infinitely 
diviſible. 

Ho far Matter may actually be divided, 
may in ſome manner be conceiv'd from hence*, 


ri» that a Piece of Wire, gilt with ſo ſmall a 
an Quantity as eight Grains of Gold, may be 
re drawn out to a Length of thirteen Thouſand 


Feet, the whole Surface of it ſtill remaining 
cover'd with Gold +. | 

A Quantity of Vitriol, being diſſolved and 
mix'd with nine Thouſand Times as much 
Water, will tinge the whole, coniequently 
he the Vitriol will be divided into as many Parts 
ed as there are viſible Portions of Matter in that 
it, Quantity of Water 8. 
> ; THERE are Perfumes, which, without a ſen- 
h, ſible Diminution of their Quantity, ſhall fill 
1d a very large Space with their odoriferous Par- 
at ticles, which muſt therefore be of an incon- 
ceivable Smallneſs, ſince there will be a ſuffi- 


e, We have a ſurprizing Inſtance of the Minuteneſs of ſome 
Parts of Matter, from the Nature of Light and Viſion. Let a 
Candle be lighted and placed in an open Plane, it will then be 

| viſible two Miles round, conſequently was it placed two Miles a- 

P. bove the Surface of the Earth, it would fill with luminous Par- 

ticles a Sphere, whoſe Diameter was four Miles, and that be- 

be fore it had loſt any ſenſible Part of its Weight. The Force of 
this Argument will appear better when the Reader is acquainted 
be wich the Cauſe of Viſion, 


4 + Xeil's Introd. ad Phyſ. Præl. 5. Religious Thiloſ. Con- 
templ. 25. 


Mem. de l' Acad. 1706. : 
15 | cient 
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cient Number in every Part of that Space, ſen- 


ſibly to affect the Organ of Smelling. 


4. THAT all Matter is moveable, follows 1 
from its being finite; and to ſuppoſe it poſi- 
tively infinite is abſurd, becauſe it conſiſts off 


Parts *. 


5. By the Paſſiveneſs or Inactivity of Mat- 
ter, (commonly call'd its Vis Inertiæ) is meant 
the Propenſity it has to continue its State off 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther explained underf 


the firſt Law of Nature. 
CHAP. II. 


Of Vacuum. 


J. LACE void of Matter is called empty 


Space, or Vacuum. 
II. Ir has been the Opinion of ſome Phi- 


loſophers, particularly the Cartefians, that Na- 


ture admits not a Vacuum, but that the Uni- 


verſe is entirely full of Matter: in conſe- 
quence of which Opinion they were oblig'd} 


to aſſert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together; but this iss contrary to Expe- 


Not See Mr. Law's Tranſlation of Abp. King de Origine Mal. 
Not. 3 


rience, 


we 


0 


Wricnce, for the greateſt Part || of the Air may be 
Wdrawn out of a Veſſel by means of the Air- 
Pump, notwithſtanding which it will remain 
W whole, if it Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere, 
III. SHoULD it be objected here, that as it is 
W impoſſible to extract all the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Anſwer is, that ſince a very great 
1; Wy Part of the Air, that was in the Veſſel, may be 
er drawn out, as appears by the more quick De- 
ſcent of light Bodies in a Receiver * when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
between the Parts of the remaining Air : which 
is ſufficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Carteſian, that 
thoſe Vacuities are fill'd with Materia ſubtilis, 
ty that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
a- but as the Exiſtence of this Materia ſubtilis can 
a- never be prov'd, we are not oblig'd to allow the 
hi- Objection ; eſpecially ſince Sir Is AAc NEwToON 
fe- bas found, that all Matter affords a Reſiſtance 
4 nearly in Proportion to its Denſity . 


# THERE are many other Arguments to prove 
he this, particularly the Motions of the Comets 
11d A Veſſel cannot be entirely exhauſted of its Air, becauſe 


the Action of the Pump depends on the Spring of that which re- 
pe- mains in the Veſſel. GON” TIP 


N By this Term is meant any Veſſel, out of which we extract 
11. the Air by the Air- Pump. 


F Newt. Principia Lib. 2. Prop. 31. & 40. & Opt. Edit 2. 
Book 3. Quer. 18, 19. 20, 21. Deſagul. Lect. 1. Ann. 2. 


Ce, through 
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heſion, or that by which minute Bodies, (or 
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through the Heavenly Regions without any 


ſenſible Reſiſtance * ; the different Weight of a 


Bodies of the ſame Bulk, &c. but thoſe, being 


not yet explain'd, are not ſo proper to be inſiſt. 


ed on in this Place. 
| Of Attraction and Repulfion. 
© 2.42; 
J. ESIDES the forementioned Proper- 


ties of Matter, it has alſo certain 


Powers or active Principles, known by the 
Names of Attraction and Repulfion, probably 
not eſſential or neceſſary to its Exiſtence, but 
impreſſed upon it by the Author of its Being, 
for the better Performance of the Offices for 
which it was deſign'd. 

IT. ATTRACTION is of two Kinds. 1. Co- 


the ſeveral Particles of the ſame Body) when 
placed aſunder at very ſmall Diſtances, mutu- 
ally approach each other; and then adhere or 
ſtick together, as if they were but one. 2. Gra- 
vitation, or that by which diſtant Bodies act 
upon each other. 

III. Tux Attraction of Coheſion is prov'd 
from abundance of Experiments, of which ſome 
of the moſt obvious are as follows. 


* De/agul. LeR. 1. Annot. 8. Toi 
| 1. Lat 
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1. LET a ſmall glaſs Tube (commonly call'd 


— * F — be. 1 * 
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19 Capillary Tube) open at both Ends, be dipt 
8 nto a Veſſel of Water, the Water will imme- 


HNiately riſe up in the Tube to a certain Height 
Above the Level of the external Water. This 
Riſe of theWater in the Glaſs Tube is manifeſtly 
Wowing to the Attraction of thoſe Particles of the 
Glaſs, which lie in the inner Surface of the 
E Tube immediately above the Water: Accord- 


ingly the Quantity of Water raiſed is always 
r. MW found to be proportionable to the Largeneſs 
in Hof that Surface *. 


16 2. LET two Spheres of Quickſilver be pla- 

ly Need near each other, and they will immediately 

at run together, and form one Globule. 

g. IV. Tus Laws of this Attraction are, 1. 

or T hat it acts only upon Contact, or at very ſmall 
Diſtances; for the Spheres, mentioned in the 


laſt Experiment, will not approach each other, 


* The Heights the Water riſes to in different Tubes, are ob- 
ſerved to be reciprocally as the Diameters of the Tubes, from 


whence it follows that the Quantities raiſed are as the Surfaces 
which raiſe them. 


Dem. Let there be two Tubes, the Diameter of the firſt 
double to that of the ſecond, the Water will riſe half as high 
in the firſt as in the ſecond : now was it to riſe equally high 
in both, the Quantity in the firſt would be four times as great 
as in the ſecond, (Cylinders of equal Heights being as the 
Squares of their Diameters ; 11. EI. 14.) therefore fince it is 
found to riſe but half as high, the Quantity is but twice as much, 
and therefore as the Diameter ; but the Surfaces of Cylinders are 
as their Diameters, therefore the Quantities of Water raiſed are 
alſo as the Surfaces. 2. E. D. 


See the Diſſertation on this Subject. Part II. 
| till 


— — > * 2s * — 


IF 


14 Attraction and Repulſion. Part. I. 2 


till they are plac'd very near. 2. It acts accord- 
ing to the Breadth of the Surfaces of the at- 
tracting Bodies, and not according to their 
Quantities of Matter. For, let there be two] 
poliſh'd Glaſs Plates laid one upon another, in 
ſuch a Manner as to touch at one End, and 
there make a very ſmall Angle: If two une- 
qual Drops of Oil be put between theſe Plates, 
at equal Diſtances from the Line of Contact, ſof 
that the leaſt may touch both Glaſſes, they 
will then both move towards the Ends that} 
touch, becauſe the Attraction of the Surfaces if 
inclines that Way; but the largeſt, touching 
the Glaſſes in moſt Points, will move the faſt- 
eſt. 3. 'Tis obſerv'd to decreaſe much more 
than as the Squares of the Diſtances of the} 


attracting Bodies from each other increaſe : That (t 
is, whatever the Force of Attraction is at a gi- fr 
ven Diſtance, at twice that Diſtance it ſhall be P 
more than four Times leſs than before *. b 


V. From, hence it is eaſy to account for the f 
different Degrees of Hardneſs in Bodies; thoſe ill © 
whoſe conſtituent Particles are flat or ſquare, | t 
and ſo ſituated as to touch in many Points, 4 
will be hard; thoſe Particles which are more t 
round, and touch in fewer Points, will conſti- i * 
tute a ſofter Body; thoſe which are ſpherical, Ml © 
or nearly of that Figure, will form a Fluid +, : 

1 
| 


* K:i/i; Opera Fd, 4to, p. 626, Wu 
+ See Rohaxlt in the Notes, p. 105, 108. See Part II, 
Chap, I. $. 2. in the Notes. Newton. Optic. p. 338. 


VI. Ar- 


hap. III. ArtraFion and Repulſion. 1 5 


VI. ATTRACTION of Gravitation is that, 


; by which diſtant Bodies act upon each other. 
of this we have daily Inſtances in the falling 
of heavy Bodies towards the Earth. 


VII. Txz Laws of this Attraction are, r. 


q That it decreaſes, as the Squares of the Diſtances 


between the Centers of the attracting Bodies 
increaſe, Thus, a Body, which at the Sur- 
face of the Earth (z. e. about the Diſtance of 
four Thouſand Miles from its Center) weighs 
ten Pounds, if it was plac'd four Thouſand 


= Miles above the Surface of the Earth, z. e. 


twice as far diſtant from the Center as before, 
would weigh four Times leſs; if thrice as far, 


nine Times leſs, Sc. The Truth of this Pro- 


poſition is not to be had from Experiments, 
(the utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, bearing no Pro- 
portion to their Diſtance from its Center,) 
but is ſufficiently clear from the Motion ob- 
ſerv'd by the heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; for 
all Bodies are obſerv'd to fall equally faſt in 
the exhauſted Receiver, where they meet with 
no Reſiſtance. From whence it follows, that 
the Action of the Earth upon Bodies is exact- 
ly in Proportion to the Quantities of Matter 
they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
Body, being moſt eaſily put into Motion, 

would 
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would move the faſteſt. Accordingly, it is 
obſervable, that the Weight of a Body is the 
ſame whether it be whole, or ground to 
Powder. 

VIII. From hence it follows, that, was a 
Body to deſcend from the Surface toward the 
Center of the Earth, it would - continually be- 
come 1 and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated by Mathematicians, 
that the Gravity would decreaſe with the Di- 
ſtance of the Body from the Center . 

Scholum, i 


1 * Graveſande Lib. 4. Chap. 11, Cotes's Preface to Newton's i 
rincip. F 
+ Dem. Let there be a Body as P. (Fig. 2.) placed any 
where within a Concave Sphere, as AB, and let us ſuppoſe it 
divided into an infinite Number of thin concentric Surfaces 3 
I fay, the Body P will be attracted equally each way by any 
one of theſe, v. g. the interior HIKLM. Let there be Lines | 
as IL, HK, &c. drawn through any Point of the Body P, in BRVY 
ſuch a manner as to form the Surface of two ſimilar Figures; tat 
ſuppoſe Cones, the Diameters of whoſe Baſes may be IH, XL, 
which let us ſuppoſe infinitely ſmall. Theſe Baſes (being as the | 
Squares of the Lines IH, KL) (2. Elem. 12.) will be directly, as the of 
Squares of their Dittances from P (for the N es IPH, XPI, ſec 
being infinitely ſmall, are ſimilar.) But thoſe Baſes include all I 


u 
the Particles of Matter in the interior Surface, that are oppoſite ra 
to each other; the oppoſite Attractions are therefore in the fro 


ſame Ratio with thoſe Baſes, that is as the Squares of the Dif: the 


tances PK, PI. But the Attraction is inverſely, as the Squares of * 
the Diſtances of the attracting Bodies, 5. 7. 2. e. inverſely as the 1 
Squares of the fame Diſtances PK, PI; theſe two Ratios _- 
therefore deſtroying each other, it is evident, that if the Con- a, 
cavity of the Sphere was filled with Matter, that alone, which ron 
lies nearer the Center than the Body, can effect it, the reſpective the 


Actions of all the Parts, chat are more diſtant, being equal, 
and 


$©hap. III. Attraction and Repulfion. 17 
= 5:holium. Ir may be proper to obſerve here, 
je hat when Philoſophers ſpeak of Bodies gravi- 
o Mating to, or attracting each other, that Body is 
id to gravitate to another, which moves to- 
Wrards it, while the other actually is, or appears 
Wo be, at Reſt, and this other is faid to attract 
Whe former ; though indeed the Force being mu- 
Wual and equal on both Sides (as will be ex- 
Plain'd under the third Law of Nature) the 
ame Term might be apply'd to either the gra- 
Pitating or attracting Body. | 
IT is farther to be obſerv'd, that when we 
Wiſe the Terms, Attraction or Gravitation, we 
No not thereby determine the Phyſical Cauſe 
Pof it, as if it proceeded from ſome ſuppoſed 
Woccult Quality in Bodies; but only uſe thoſe 
Terms to fignify an Effect, the Cauſe of 
which lies out of the reach of our Philoſophy. 
Thus, we may ſay, that the Earth attracts hea- 
n vy Bodies; or that ſuch Bodies tend or gravi- 
ate to the Earth: although at the ſame time we 


- 


and in contrary Directions, ſince the ſame is demonſtrable of any 
of the remaining concentric Surfaces. Let us ſee then what Ef- 
's fect that, which lies nearer the Center than the Body, will have 
upon it, which may be confidered as a Sphere, on whole Surface 
the Body is plac'd. The Diſtances of each Particle of Matter 
e from the Body, (taken colle&ively) will be as the Diameter of 
the Sphere, or as the Radius, i. e. as the Diſtance of the Body 
from the Center: their Action therefore upon the Body will be 
inverſely as the Square of that Diſtance: but the Quantity of Mat- 
y ter will be as the Cube of that Diſtance, (i8. Elem. 12.) the At- 
4 traction therefore will be alſo in that Proportion. Now, theſe 
two Ratios being compounded, the Attraction will be only as 
p the Diſtance of the Body from the Center, 2; E. D. 
g B 
| 


are 
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are wholly ignorant: whether this is effectel 
by ſome Power, actually exiſting in the Earth 
or in the Bodies, or external to both; ana 
it is impoſſible any Error in our Reatoninal 
can follow from hence: it being evident, thai 
all the Conſequences of ſuch Tendency mul 4 
be the ſame, let the Cauſe be where, or what 1 
it will. i T7 
X. REeyv1sIoN is that Property in Bodiel „ 
whereby, if they are placed juſt beyond hl 
Sphere of each other's Attraction of Coheſion 
they mutually fly from each other. q 
IF an oily Subſtance, lighter than Wate! 1 
be placed on the Surface thereof, or if a Piec 
of Iron be laid on Mercury, the Surface of tal 
Fluid will be depreſs'd about the Body laid o 
it: This Depreſſion has been by ſome al 
ſerib'd to a repelling Power in the  Bodie 
which hinders the Approach of the Fluid o 
wards them. 3 
Bur it is more generally imputed 0 thid 
that the Particles of the Fluid attract each othe«3 
in theſe and the like Inſtances, more forcib 
than they are attracted by the Body laid on it. 
and fo recede from the Body as far as the Gr? 
vity of the neighbouring Particles of the _— 
will permit them. JE! 
IT is poſſible in ſome Caſes to preſs or forch ni 
the Particles of different Subſtances, that ſeem Mat. 
repel eachother in this Manner, ſo near togethel 
that they ſhall mutually attract each other: * 1 
a whe 


To 
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ted 5 hen we mix Oil and Water till they incor- 
Porate. f 

= Tx1s Property is however exceedingly ap- 
arent in the Particles of the Air, which are 


Hegard to each other, that they never could, by 
n Experiment yet made upon them, be com- 
reſſed or driven ſo cloſe together, but they 
lieg 7ould ſtill endeavour to fly from each other &. 
the XI. BxsS1Des the general Powers foremen- 
ion tioned, there are ſome Bodies that are endued 
with another, call'd Electricity. Thus Amber, 
ter et, Sealing-Wax, Agate, Glaſs, and moſt 
Winds of precious Stones attract and repel light 
Bodies at conſiderable Diſtances. 
Tre chief Things obſervable in theſe Bo- 
ies are, 1. That they don't act, but when 
lie heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 3. That, 
when they are well heated by rubbing, light 
Bodies will be alternately attracted and repell'd 
by them, but without any obſervable Regula- 
rity whatever, 4. If a Line of ſeveral Yards in 


it length has a Ball, or other Body ſuſpended at 
Ii one End, and the other End be fixed to a Glaſs 


Tube; when the Tube is heated by rubbing, the 

Electrical Virtue of the Glaſs will be commu- 
or Inicated from the Tube to the Ball, which will 
m ig attract and repel light Bodies in the ſame Man- 


See a further Proof of this Repulſive Force in Sir I/aac 
hel Nearton's Opticks. B. 3. and Query 31. | 
2 B 2 0 
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ner, as the Glaſs itſelf does. 5. If the Glaſs Tube Pr 
be emptied of Air, it loſes its Electricity 2. 4 J 
XII. LasTLy, the Loadſtone is obſerv'd to- 
have Properties peculiar to itſelf, as that by which 3 
it attracts and repels Iron, the Power it commu- - 
nicates to the Needle, and ſeveral others +. 


CH A P. IV. 


07 the Laus of Motion, commonly alla 4 
Sir Is AAC NEWTON s Laws of Mature. 3 


= 
_— 


J. L L Bodies continue their State of Ky 
| Reſt, or uniform Motion in a right Jr 
Line, till they are made to change that State N. 
by ſome external Force impreſſed upon them. FF?” 
THis Law is no other, than that univerſa ee 
Property of Bodies, called Paſſiveneſs or In. © 
activity; whereby they endeavour to continue dl 
the State they are in, whatever it be. Thu th 
a Top only ceaſes to run round on Account of 3 A 
the Reſiſtance it meets with from the Air, I 
and the Friction of the Plane whereon it ®! 
moves, And a Pendulum, when left to vi- 00 
brate in vacuo, where there is nothing to ſtop * 
it, but the Friction ariſing from the Motion 
* See Hauksbee's Experiments, Philoſoph. Tranſact. No. 326. th 
+ Several Solutions of theſe Properties of Electricity and Mr uf 
netiſm have been attempted by different Philoſophers, but all of . 
them ſo unſatisfaQory as not to deſerve a particular Account in ſe 
this Place. See Chambers's Dictionary in Ele&ricity, and Du $ 


Cartes Opera Philoſophica. P. IV. § 133, with ſeveral othen 
referr'd to in Quæſioncs Philo, /ophice, Deſagul. Le. I. f. 33 


0 f | 
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de f the Pin on which it is ſuſpended, conti- 
1 Wes to move much longer, than one in the 

to open Air. 

ch II. Taz Change of Motion produc'd in 

1. ny Body, is always proportionable to the 

Force, whereby it is effected; and in the ſame 
Direction, wherein that Force acts. 


Tus is an immediate Conſequence of this 
Axiom; The Effect is always proportionable to 
, Fits Cauſe. For Inſtance, if a certain Force 
produces a certain Motion, a double Force 
o will produce double the Motion; a triple 
h. Force triple the Motion, &c. If a Body is in 
ae Motion, and has a new Force impreſſed on it 
n. in the Direction wherein it moves, it will re- 
la ceive an Addition to its Motion, proportional 
In. to the Force impreſſed; but if the Force acts 
ue directly contrary to its Motion, the Body will 
u; then loſe a proportional Part of its Motion: 
Again, if the Force is impreſſed obliquely, it 
ir, will produce a new Direction in the Motion 


b | of the Body, more or leſs different from the 


vi. former in Proportion to its Quantity and Di- 
op rection “. III. R- 
ion 


F * This Caſe is expreſſed more accurately by Mathematicians 
z26, thus. If the Proportion and Direction of two Forces, acting 
lag. upon a Body at the ſame Time, be repreſented by the Sides of a 
1 of FF Parallelogram, the Diagonal of that Parallelogram will repre- 
t in ſent the Proportion and Direction of their united Forces. 
Dat Dem. Let the Body A (Fig. 3.) be impell'd with a Force, 
hen which would carry it to E, in the fame Time that another, act- 
ning upon it in the Direction 4D, would carry it to D. Ima- 
of Sine that while the Body paſſes to E, the Line 4D (in which 
B 3 "05 


_ 
1 
1 
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III. REAcTIoN is always contrary, and e. pr 
qual to Action; or the Actions of two Bodie 
upon each other, are equal, and in contrary 
Directions. * | 3 
Tuus, ſuppoſe a Stone, or other Load ti 
be drawn by an Horſe ; the Load reacts upon 
the Horſe, as much as the Horſe acts upon the b. 
Load; for the Harneſs, which is ſtretched b. 
equally between them both Ways, draws the tl 
Horſe towards the Stone, as much as it doe ce: 
the Stone towards the Horſe ; and the progreſ. g 
five Motion of the Horſe is as much retarded 
by the Load, as the Motion of the Load uM i: 


the Body moves by the other Force) moves to EB, in a Direc. 
tion parallel to itſelf; when the Body has advanc'd to G nw 
the Line AE, the Line AD will have got to GF, and the Body 
will have paſſed over GH, ſuch a Part of it, as bears the 
ſame Proportion to the whole Line GF, as AG does to AE, 
that is GH (the ſhorter Side of the Parallelogram GM,) is, to 
GF, or, which is the ſame Thing, to EB (the ſhorter Side o 
the Parallelogram ED) as AG (the longer Side of the former) 
is to AE the longer Side of the latter; from whence the Pa- 
rallelograms are fimilar, EI. 6. Def. 1. and conſequently, by # 
24 El. 6. the Point H is in the Diagonal, that is, the Bod) 
will always be found inthe Line AB. Q. E. D. = 
- Coryell. From hence we have an eaſy Method of reſolving 3 
a given Motion into any two, or more Directions whatever; 
dix. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, the two Sides of which will repreſent the D.. 
rections fought. Thus, ſuppoſe a Body was impell'd in the 
Line AB, we may conceive it as ated upon by two Forces at 
the ſame Time, one towards E, the other towards D, or an 
other two whatever, provided the Lines be drawn of ſuch 2 


length, that, when the Parallelogram is compleated, the given 
Line AB ſhall be its Diagonal. A 


promoted 


-* * 
= 
"7 
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ef 


| e. bromoted by the Endeavour of the Horſe *. 
lie This will be better explained from the follow- 
2 g Inſtance ; let a Perſon, fitting in a Boat, 
raw another Boat equally heavy towards 
Shim, they will both move towards each other 
ith equal Velocities : Let the Boat he fits in 


the ſame Quantity of Motion will be given to 
oc; each Boat, that is, the leſſer will have the 
cl. greater Velocity. 
Jed Wr have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one another, but prevented from coming 
cloſe together by ſome other Body placed be- 
tween them: If their reſpective Actions, by 
which they tend towards each other, were not 
equal on both Sides, then would the interme- 
diate Body be preſſed more one Way than the 
other, and ſo all three would begin to move 
of themſelves the fame Way; but that three 
Bodies ſhould be put into Motion after this Man- 
ner, when no foreign Force acts upon them, is 


* It may be thought perhaps, (two equal and contrary 
Forces deſtroying one another) the Horſe will in this Caſe not 
be able to move at all, becauſe the Load draws him back, as 
much as he draws the Load forwards. But it is to be ob- 
ved that the Strength of the Horſe is not properly exerted up- 
on the Load but upon the Ground; and conlequently the 
Ground, reaQting and continuing at Reſt, puſhes the Horſe 
forward with juit ſo much Force as the Horſe exerts, above 
what is counteracted by the Load. 


See the Diſtinction between Motion and Velocity. Chap. 9. 
contrary 
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be capable of exerting, their mutual Actions 


Magnitudes. 
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contrary to Experience, conſequentiy whatever 4 
different Degrees of Force, any two Bodies may 


on each other, are always equal. This mal 
be try'd with a Loadſtone and Iron ; which, 
being put into proper Veſſels, contiguous 00 q 
one another, and the Veſſels made to float on 
the Surface of Water, will be in exact Coun-l 43 
terbalance to each other, and remain at Reſt, I 
whatever be the attractive Power of the Load. 4 
ſtone, or the Proportion of their reſpeQtive i 


Ts Laws receive an abundant Additio- I 
nal Proof from hence, vis. that all the Con- 
cluſions that are drawn from them, in Relation 
to the Phænomena of Bodies, how complicat- I 
ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation. The 
Truth of which ſufficiently ap ppears in all Parts 
of the Newtonran TONE. 1 


GHAPY. 


The Phenomena of Falling Bodies. 


HE Laws of Nature being thus explain- | 
ed, we proceed to account for ſome of | 
thoſe Phenomena, which are ſolvable by them. 


1. 


* See theſe Laws explain'd more at large by Cheyne in his : 
Principles of Philoſophy. Ki/'s Introd. ad Phyſ, Præl. 11. 12. 


JI. To 


Chap. V. Falling Bodies. 25 
8 ; 4 II. To begin with thoſe of falling Bodies. 
ay Conſtant Experience ſhews, that Bodies have a 
n; WT endency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap 3. F. 7. | 

ul. Tur Height, Bodies can be let fall from, 
bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 
ſenſibly alter their Gravity; which therefore 
may be conceived, as acting conſtantly and uni- 
ve formly upon them, during the whole Time of 
© their Fall: From whence they muſt neceſſarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant- 
ly increaſe, in Proportion to the Time the Bo- 


on 
it- dy takes up in falling. 
1d IV. Taz Spaces Bodies fall through in dif- 


ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thoſe Times ; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one, and nine Times as 


longer a Body continues to move uniformly, the more Space it 
moves over ; and the faſter it moves during any Interval of 
Time, the farther it goes ; therefore the Space is in a Ratio com- 
pound of both, that is, is had by multiplying one into the other. 
Coroll. Therefore the Area of a Rectangle, one of whoſe Sides 
repreſents the Celerity a Body moves with, and the other the 
Time of its Motion, will expreſs the Space it moves . 
TD is 


far in three, ſixteen Times as far in four, &c.* 
3 In order to demonſtrate this Propoſition, it will be neceſſary 
to lay down the following Theorem, vix. b 
Ne 3 That the Space a Body paſſes over, with an uniform Motion, 
c is in a Ratio compounded of the Time and Velocity. For the 
01 
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V. FroM this Propoſition it follows, that ai 
Body falls three Times as far, in the ſecond il 


Portion of Time, as it does in the firſt ; five 


Times as far in the third; ſeven Times in thei 
fourth, and ſo on in the Series of the odd] 


Numbers: For otherwiſe it could not fall four 


This being premiſed, let the Line AB (Fig. 4.) repreſent 
the Time a Body takes up in falling, and let BC expreſs the Ce. 


lerity acquir'd by its Fall; farther let the Line AB be di- 
vided into an indefinite Number of ſmall Portions, ei, in, 


mp, &c. and let ef, ik, mn, pg, &c. be drawn parallel to the i 
Baſe. MNow it is evident from F. 3. (viz. that the Velocitic 
are as the Times in which they are acquir'd) that the Line 
.£f, ik, mn, pg, &c. being to each other (4 El. 6.) as the Line 
Ae, Ai, Am, Ap, &c. will repreſent the Celerities in the Time 
repreſented * that is, F will be as the Velocity of the 
all Portion of Time ei, and ik will be as the Ve- 
locity in the Portion of Time im; in like Manner pg will be as 


Body in the 


the Velocity in the Portion of Time po, which Portions of Time 


being taken infinitely ſmall, the Velocity of the Body may be | 


ſuppos'd the fame, during any whole Portion: and conſequently, 
by the Corollary of the toregoing Theorem, the Space run over 
in the Time ei with the Velocity ef may be repreſented by the 
Rectangle if: in like Manner the Space run over in the Time 
im, with the Celerity i4, may be expreſs'd by the ReQtangle mt ; 
and that run over with the Celerity un in the Time mp, by 
the Rectangles pn; and ſo of the reſt. Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of all 
the Rectangle, that is, by the Triangle ABC, for thoſe little 
triangular Deficiences, at the End of each Rectangle, would have 
vaniſhed, had the Lines ei, im, mp, &c. been infinitely ſhort, as 
the Times they were ſuppoſed to repreſent. Now as the Space, 
the Body deſcribes in the Time AB, is repreſented by the 'Tri- 
angle ABC, for the ſame Reaſon the Space paſs'd over in the 
Time 4o may be repreſented by the Triangle Aer, but theſe 
Triangles, being ſimilar, are to each other, as the Squares of 
their homologous Sides AB and Ao (20 EI. 6): that is, the 
Spaces repreſented by the Triangles are to each other, as the 
Squares of the Times repreſented by the Sides, Q. E. D. 


Spaces 


rn 
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Spaces in two Minutes, and nine in three, as 
the Propoſition aſſerts “. 


VI. Tur Spaces, deſcrib'd by falling Bodies 
in different Times, are as the Squares of the 
laſt acquir'd Velocities. For by 5. 4. the Spa- 
ces are as the. Squares of the Times, and by 
8. 3. the Velocities are as the Times; there- 
fore the Spaces are alſo as the Squares of the 
Velocities. | 

VII. Tur Space a Body paſſes over, from 
the Beginning of its Fall in any determinate 
Time, is half what it would deſcribe in the 
ſame Time moving uniformly with its laſt ac- 
quir'd Velocity 7. 

VIII, In like Manner, when Bodies are 
thrown up perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe; 
their Gravity deſtroying an equal Portion of 
their Velocity every Inſtant of their Aſcent. 


* This may alſo be ſhewn in the following Manner. Let 
the Triangle ABC (Fig. 4.) be divided into leſſer ones, as 
in Fig. 5. each equal to Dbr, which repreſents the Space de- 
ſcribed by the falling Body in D6 the firſt Portion of Time; 
tis evident that, in hc the ſecond Portion of Time, there are 
three ſuch Triangles deſcribed, wiz. thoſe that lie between the 
Lines br and cs; in cd the third Portion of Time, five ſuch, 
viz all between cs and dt; in af the next equal Portion of 
Time, ſeven ſuch, &c. 


+ For let the Time be AB, (Fig. 4) and the laſt Velocity 
BC, the Space the Body runs over, while it is acquiring that 
Velocity, is as ABC, but the Space it would paſs over in the 
Time AB, was it to move uniformly with the Celerity BC, is 
by the Theorem (Note p. 25.) as the Space ABCD, double 


IX. TRE 


the former. 2. E. D. 
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IX. Tur Heights Bodies riſe to, when 
thrown perpendicularly upwards, are as the 
Squares of the Times ſpent from their firſt 3 
ſetting out, to the Moment they ceaſe to riſe, 3 
That is, if a Body is thrown with ſuch a De- 
gree of Velocity, as to continue riſing twice as 
long as another, it ſhall aſcend four Times as 


high ; if thrice, nine Times as high, &c. 


Trtst two are the converſe of the third I 


and fourth Sections *. 


to & 3 6. £ 


Of the Deſcent of Bodies 07 oblique p 


Planes, and of Pendulums. 


whence it follows, that what was ſaid in the 
laſt Chapter, concerning the perpendicular 
Deſcent of Bodies, is true of ſuch as fall on 
oblique Planes, Allowance being made for the 
Difference of Acceleration. | 
IT. The Effe&t Gravity has upon a Body 
falling down an oblique Plane, is to that which 


» See KeiPs Introd. ad. Phy. Pral. 11, Grave/ande L. 1. 
. | 


it 


KJ HEN a Body deſcends on an oblique | 
Plane, its Motion is continually acce- | 
lerated by the Action of Gravity, but in a leſs |* 
Degree, than when it deſcends perpendicular- |? 
ly; its free Deſcent in this Caſe being hin-“ 
der'd by the Interpoſition of the Plane: From 


hd ws tr 8 


2 MC n 4 a << Led OO 


S%S 


Chap. VI. an oblique Planes. 29 


it exerts upon another falling freely, as the 


perpendicular Height of the Plane is to its 
Lee ons n | 
III. Tun Space, through which a Body 


4 falls down the oblique Side of a Plane, is to 


that through which it would fall perpendicu- 
larly in the ſame Time, as the perpendicular 
Height of the Plane is to its Length T. 

For the Space, a Body falls through in any 
determinate Time, whether down an inclined 
Plane, or not, is as the Effect of the Gravity 
with which it is acted upon during that Time; 
but the Gravity, with which a Body deſcends 
down the oblique Side of a Plane (by the 
laſt ary e e, is to that with which it falls 


perpendicularly, as the perpendicular Height 
of the Plane is to its Length: The Space there- 


fore, which a Body falls through obliquely, is to 


* Dem. Let AC (Fig. 6.) be the inclin'd Plane, the Body 
at 4, and the Action of Gravity, whereby it endeavours to fall 
perpendicularly repreſented by the Line 4B ; let AD be per- 
pendicular to AC, AD will then repreſent the Direction by which 
the Plane acts upon the Body (for all Bodies act in Lines perpen- 
dicular to their Surfaces) let then thoſe two Forces be reſolved 
into one in the Direction AC, (as ſhewn in Note to 5. 4. Chap. IV.) 
by compleating the Parallelogram BD, whoſe Diagonal will be 
AG. In order to this BG muſt be let fall perpendicularly upon 
AC (that it may be parallel to the oppoſite Side of the Parallelo- 
gram 4D) conſequently (8 Elem. 6.) AG is to AB as AB to AC, 
that is, the Tendency of the Body down the Plane is to its 
perpendicular Tendency, as AB is to AC. Q. E. D. 

+ From this Propoſition it follows, that ſuppoſing BG (Fig. 6.) 
perpendicular to AC, the Body would fall from 4 to G, in 
the ſame Time another would fall from thence to B , for, as 
was obſerved (Note the laſt) 4G is to 4B, as 4B to 40. 


that 


30 


ly in the ſame Time, alſo in that Proportion. 


IV. Tux Velocity, a Body acquires by fal- 2 
ling perpendicularly, is to that which it ac- 
quires by falling obliquely in the ſame Time, 
as the Space of its perpendicular Deſcent is to 


that of its oblique one *. 

V. Tux Time, in which a Body deſcends 
through the oblique Side of a Plane, is to that 
in which it falls through the perpendicular 
Height of the fame, as the Length of the 
oblique Side is to its Height . | 


VI. A Body acquires the ſame Velocity in 
falling down the oblique Side of a Plane, as 


Since by the Note to Section the laſt, a Body falls to G, E | 
ig. 6.) in the ſame Time another falls to B, and (by Chap. V. 


« 7.) the Space, a falling Body paſſes over in any Time, is half 


that which it would run over in the ſame Time moving uniformly | 
with irs laſt acquir'd Velocity, it follows that the Body falling 
down the oblique Plane would paſs over double the Space 46, 
moving uniformly with its laſt acquir'd Velocity, in a Portion of 
Time equal to that in which it was acquir'd ; likewiſe double 


the Space 4B would be paſſed over by the other Body moving | | 


uniformly with its laſt acquir'd Velocity, in a Portion of Time 
equal to that in which it was acquir'd ; but ſince the Velocities 
of Bodies moving uniformly are as the Spaces they run over in 
equal Times, the Velocities of the Bodies in & and B are to each 
other as double the Lines AG and AB, that is, as the Lines 
themſelves, which by F. 3. are as the Spaces run through in the 
ſame 'Time, from whence the Propoſition is clear. 

+ Dem. The Square of the Time in which AC (Fig. 6.) is run 
over, is to the Square of the Time in which AG is run over as 
AC to AG, (by Chap. V. 6. 4.) that is, ſince AC, AB, AG are 
continually proportional (8 Elem. 6.) as the Square of AC to the 
Square of AB (by Def. 10. Elem. 5.) therefore the Times them- 
ſelves are as the Lines AC and AB, that is, as the oblique Side 
of the Plane to the perpendicular Height, 2. E. D. 


it 
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Chap. VI. on obligue Planes. 31 


it would do, if it fell freely through the per- 


pendicular Height of it“. 

VII. A Body takes up the fame Time in 
falling through the Chord of a Circle, whether 
it be long or ſhort, as it does in falling per- 
pendicularly through the Diameter of the ſame 
Circle +. 

VIII. Uron this is founded the Theory of 
Pendulums : For from hence it follows, that 
ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the ſame Time, 
whether they were large or ſmall *. 

IX. FRom hence we ſee the Reaſon, why 


the ſhorter Arches a Pendulum deſcribes, the 


* Dem. The Square of the Velocity which a Body acquires by 
falling to G, 1s to the Square of the Velocity it acquires by fal- 
ling to C, as the Space AG to the Space AC (by Chap. V. 
F. 4.) that is (by 8 Elem. 6. and Def. 10. Elem. 5.) as 40 to 
AB; conſequently the Velocity itlelf at G is to the Velocity 
itſelf at C, as AG to AB : But ſince AG is run over in the ſame 
Time AB is (ſee Note to h. 3.) the Velocity in G is alſo to the 
Velocity in B, as AG to AB, (by F. 4.) and conſequently ſince 
the Velocities both in Cand B bear the ſame Proportion to 
that in G, they mult be equal to each other. 2 E. D. 

+ Dem. It was demonſtrated (4 3.) that a Body will fall 
from A to G, (Fig. 7) on the inclin'd Plane 4C, in the 
ſame Time another would fall freely to P, provided 4GB is a 
right Angle, in which Ciſe 4G (by zi Flem. z.) is a Chord of 
that Circle of which AB is the Diameter ; therefore a Body falls 
through the Chord, Sc. Q. F. D. 

} This may be illuſtrated by conceiving the laſt Figure in- 
verted (as in Fig, 8) where ſuppoſing the Ball ſuſpended in 
ſuch a Manner, as to ſwing in the right Line G 4 inſtenad of 
the Arch G4, it would always fall through it in the ſame 
Time, however long or ſhort it was, for the Inclination of 


the Line 6 to the horizontal Line BC, is not alter'd by. invert- 
ing the Figure. | 
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32 Pendulums. Part I, 


nearer its Vibrations come to an Equality, for 


ſmall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 


a 5 
. = 
11 « 
= 
"TY 
7 
1 
. 


a Cychid ; each Swing will then be perform'd | 
in the fame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 


dency of a Pendulum towards the loweſt Point 
of it, is always in Proportion to its Diſtance 
from thence ; and conſequently let that Diſtance 
be more or leſs, it will always be run over by 
the Pendulum in the fame Time “. 

X. Tux Time of the Deſcent and Aſcent 
of a Pendulum, ſuppoſing it to vibrate in the 
Chord of a Circle, is equal to the Time in 


* The Deſcription of a Cycloid : 


Upon the right Line AB, (Fig. 9.) let the Circle CDE be 
ſo plac'd, as to touch the Line inthe Point C, then let this Circle 
roll along upon it from C to H, as a Wheel upon the Ground, 
then will the Point C in one Revolution of the Circle deſcribe 
the Curve CKH, which is called a Cycloid. Now ſuppoſe two 
Plates of Metal bent into the form HK and KC, and placed in 
the Situation LH and LC, in ſuch Manner, that the Points H 
and C may be apply'd to L, and the Points anſwering to X 
be appply'd to H and C. This done, if a Pendulum as L, 
in Length equal to. LH, be made to vibrate betwegn the Plates 
or Cheeks of the Cycloid LC and LH, it will ſwing in the 
Line CKH ; and the Time of each Vibration, whether the Pen- 
dulum ſwings through a ſmall or a great Part of the Cycloid, 
will be to the Time a Body takes up in l 
through a Space equal to 7K, (half the Length of the Pendu- 
lem) as the Circumference of a Circle to its Diameter, and 
conſequently it will always be the ſame. See theſe Things de- 


monſtrated in the Appendix. ; 
which 
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Chap. vl. Pendulum. 33 


which a Body falling freely would deſcend 
chrough eight Times the Length of the Pen- 
3 dulum. | 
= For the Time of the Deſcent alone upon 
the Chord 1s equal to that in which a Body 
would fall through the Diameter of the Cir- 
cle (by F. 7.); that is, twice the Length of 
the Pendulum: But in twice that Time (vix. 
during a whole Vibration) the Body would 
fall four Times as far (Chap. V. $. 4.), that is, 
through eight Times the Length of the Pen- 
dulum. | 

XI. Tue Times, that Pendulums of diffe- 
tent Lengths perform their Vibrations in, are 
gas the ſquare Roots of their Lengths “. 
XII. Tux Center of Oſcillation, is a Point in 
which if the whole Gravity of a Pendulum 
vas collected, the Time of its Vibration would 


not be alter'd thereby +; this is the Point from 
'S whence 


* Dem, Let there be two Pendulums 4 and B (Fig. 10. and 
11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe 
through a Chord) is equal to the Time in which a Body 
would; fall freely through DA, the Diameter of the Circle (as 
demonſtrated F. 7.) ; in like Manner the J'ime B vibrates in is 
that in which a Body would fall through FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 
Roots of thoſe Spaces, that is, of DA and FB, or of their 


9. E. D. 
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+ The Rule for finding the Center of Oſcillation. 

If the Ball AB (Fig. 12.) be hung by the String CD, whoſe 
Weight is inconſiderable, the Center of Ofcillation is found wana 
5 +LPPO S 


Halves CA and CB, i. e. of the Lengths of the Pendulums. 
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whence the Length of a Pendulum is mea. 


9 
2 
4 
K. 


8 
1 


ſur'd, which in our Latitude, in a Pendulum c 
that ſwings Seconds, is thirty nine Inches and x 
two Tenths. 23 , 
XIII. Tur Squares of the Times in which 1 
Pendulums, acted upon by different Degrees 
of Gravity, perform their Vibrations in, are 8 
to each other, inverſly as the Gravities *, =_ 
FroM whence it follows, that a Pendulum | : 
will vibrate flower when nearer the Equator, | 
than the ſame when nearer the Poles ; for | | 
the! 
= : 


ſrppoſe E the Center of the Globe, take the Line X of ſucha Þ 
Length, that it ſhall bear the ſame Proportion to ED as ED FF 
to EC, then EH being made equal to : of X, the Point H ſhall 
be the Center of Oſcillation. i 
If the Weight of the Rod CD be too conſiderable to be neg - 
lected, divide CD (Fig. 13.) in J, ſo that DJ may be equal to 
Z of CD, and make a Line as G, in the ſame Proportion to Cl, 
that the Weight of the Rod bears to that of the Globe, then 
having found H the Center of Oſcillation of the Globe, as be- 
fore, divide IH in L, ſo that IL may bear the ſame Proportion 
to LH, as the Line CH bears to the Line G; then will L be 
the Center of Oſcillation of the whole Pendulum. See the Me- 
thod of finding a general Rule for determining the Center of 
Oſcillation in all Caſes whatever, in the Appendix. 


* Dem. The Spaces, falling Bodies deſcend through, are a | 
the Squares of the Times, when the Gravity by which they 
are impell'd is given (Chap. V. F. 4.); and as the Gravity | 
when the Time 1s given (for the Sum of the Velocities produced 
in any Time will always be as the generating Forces:) Conſe- 
quently, when neither is given, they are in a Ratio compound- 
ed of both; the Squares of the Times are therefore inverſly as 
the Gravities, [ For if in 3 Quantities a, b, c; a is as b e, 

a I 
then b: „ i. e. if a is given, as - or as C inver/ly.] But if 
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Chap. VII. Projectiles. 35 


the Gravity of all Bodies is leſs, the nearer 
they are to the Equator; viz. on account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explain'd 
hereafter, To which we may add the Increaſe 
of the Length of the Pendulum occafion'd by 
the Heat in thoſe Parts ; (for we find by Ex- 
periment, that Bodies are inlarged in every 
Dimenſion in Proportion to the Degree of 
Heat that is given them ;) for which Reaſon 
(F. 11.) the Vibrations of the Pendulum will 
alſo be flower, 


CHAP. VII. 
Of Projectiles. 


BODY, projected in a DireQion pa- 

rallel or oblique to the Horizon, would 
proceed on in inſinitum in a right Line (by 
the firſt Law of Nature); but being continually 
accelerated toward the Earth by its Gravity, it 
will deſcribe a Curve called a Parabola *. 


the Squares of the Times, in which Bodies fall through given 
Spaces, are inverſly as the Gravities by which they are acted 
upon; then the Squares of the Times, in which Pendulums of 
equal Lengths perform their Vibrations, will be alſo in the 
lame Ratio, on account of the conſtant Equality between the 
Time of the Vibration of a Pendulum, and of the Deſcent 
of a Body through eight Times its Length (4. 12.) 

Dem. Let us ſuppoſe the Body thrown from 4 in the 
Direction 45 horizontally (Fig. 14.) or obliquely (Fiz. 15.) it 
would (if not attracted towards the Earth) move * 
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36 Projectiles. Part I. 
from A towards B, that is, in equal Times it would deſcribe | 
equal Parts of the Line AB, as AC, CD, DE, &c. but, if in 
the firſt Portion of Time, while it would move from 4 to 
C, it would have deſcended from A to G by its Gravity, had it 
only been let drop from thence ; it will by a Compoſition FX 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppoſite Angle of the Paralielo- 
am ACGH. Then in twice that Time, wiz. while it would 
| Sous moved over two equal Portions, or from A to D, it 
would fali downwards to M, four Times as far as before (Chap, | 
V. F. 4.) and will therefore be found in J, ſuppoſing DJ 
equal and parallel to AM. Then again in three Portions of FRY 
Time, or while it would have moved over three Diviſions, Cl 
that is from 4 to E, it would have fallen downwards nine ſc 
Times as far as in the firſt Portion of Time, and therefore be- 
ing carried by theſe two Motions will at the End of that 
Time be found in X, ſuppoſing EK, or its equal AN, nine t 
Times as long as AG or CH, &c. Therefore the Lines CH, | 
DI, EK, &c. which are to each other as the Numbers 1, 4, a 
9, &c. are as the Squares bf the Lines 40, AD, AE; (theſe * 
being only as the Numbers 1, 2, 3.) But this is the Pro- 
perty of the Parabolic Curve. (See De L' Hoſpital B. I. Prop. 1. 1 ® 
Corol. 2. and Prop. 3. Corol. 1.) Contequently the Curve t 
AHIK, &c. which the Body moves in, whether thrown hori- | 
zontally or obliquely, is a Parabola. 2. E. D. | : 
Lemma 1. The Quotient which ariſes from the Diviſion of 
the Square of the Line 40 by the Line AG, wiz. the Quantity 


72 (in either of the Parabolic Curves, Fig. 14. or 15.) or 


ADz, 
the Square of the Line AD divided by AM, wiz. A or 


the Square of AE divided by AN, viz. = 


Parameter of the Point 4, for GHy is equal to 40 multiplied 
by the Parameter (De L' Hoſpital Con. Se. B. I. Prop. 1 & 3.) 
therefore the Parameter is equal to Ge divided by AG, that is, 
21 The ſame is demonſtrable of 40 divided by AM, &c. 
and conſequently any of theſe Quantities may be indifferently 
put to expreis the Parameter of the ſame Point. 

Lemma 2. The Velocity a Body would acquire by falling 
from an Height equal to the fourth Part of the Parameter of 
the Point 4, is to the Velocity it would acquire by falling 
from 4 to N, as AE is to twice AN. Dem. 


is equal to the 
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Dem. Since we are comparing the Velocity, which a Body 
would acquire by falling through a fourth Part of the Parame- 


ter, with that which it would acquire by falling to N, let SL 


be made choice of to denote the Parameter. Then will ex- 


preſs a fourth Part of the Parameter. Now becauſe the Ve- 
locities, acquir'd by falling Bodies, are as the ſquare Roots of 
the Spaces they fall through (Chap. V. F. 6.) the Velocity, ac- 


quir'd by a Body in deſcending rough, to that Velo- 
city, which it would acquire by falling through AN, as the 


ſquare Root of 7 to the ſquare Root of AN; that is, ex- 


* 
tracting the Roots of thoſe Quantities, as 725 to AN, 
and, multiplying each Term by V 4 N. as 2 AE to AN, or as 
AE to twice AN. Q. E. D. 

Prop. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
by falling through a Space equal to the fourth Part of the 
Parameter belonging to that Point of the Parabola, from whence 
it is intended to be projected. 

Dem. The Velocity with which a Body muſt be projected 
from A towards B, to make it deſcribe the given Parabola 


AIX. muſt be ſuch, as would carry it to C by an uniform 


Motion, in the ſame Time that it would deſcend by its Gra- 
vity from A to G; and to E, in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with which 
the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the ſame 
Time, as AE is to twice AN ; becauſe (Chap. V. F. 7.) its Velo- 
city in N would have carried it over twice AN in that Time, 
had it alſo been uniform. But by Lemma 2. the Velocity a 
Body would acquire, by falling through a Space equal to a fourth 
Part of the Parameter of the Point 4, is to that which it 
would acquire by falling from 4 to N, alſo as AE to twice 
AN. Since therefore the Velocity, with which the Line AE 
is deſcribed (or, which is the ſame Thing, that whereby the 
Body is projected) and that which a Body would acquire by 
falling through a fourth Part * the Parameter of the Point 

3 4, 
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38 Projectiles. Part l. 
A, bear one and the ſame Proportion to that Velocity which! 
a Body would acquire by falling from 4 to N, they muſt be 
equal. Q. E. D. 1 
Corol. This affords us an eaſy Method of finding what Di. 
rection it is neceſſary to throw a Ball in with a given Ve. | 

locity, in order to ſtrike an Object in a given Situation, v. g. 
Let it be requir'd to ſtrike an Object as K, with a Ball thrown FR 
from A with a given Velocity. Here it is only neceſſary to 
make the Triangle AMX (ſuppoſe a right Line drawn from 


A to K) ſuch, that 2 or, which the ſame Thing, 2 a 


the Triangle AEK, may be equal to four Times the Space a 
Body muſt fall through, to acquire fuch a Degree of Velocity as 
that with which it is intended to be thrown, and then AE will 
be the Direction ſought. In order to this we muſt lay down 
the following Lemma. 

Lemma. Let there be a Circle as ABC (Fig. 16) AK a Tangent 
in the Point A, AB and XI parallel to each other, and let 


the other Lines be drawn, as in the Figure, I fay 77 A B, 


For the Angle ABE is equal to the Angle EAK (32. Elem. z) 
and the Angle BAE is equal to the Angle AEK as alternate, 
therefore the Triangles ABE and AEK are ſimilar; conſe- 
quently AB is to AE, as AE to ER, and multiplying the 
extreme Terms together, and middle Terms together, AB x 
E K=AEg, and dividing both Sides of the Equation by ER, 


4B = 7 Q. E. D. By the ſame Method of arguing 


74 may be proved equal to AP, 


The PRoBLE mw, 


Let it be requir'd to ſtrike an Object in a given Situation as K 
(Fig. 17.) with a Ball projected from A with a given Velocity. 

Solution. Erect A B perpendicular to the Horizon, and 
equal to four Times the Height a Body muſt fall from, to ac- 
quire the Velocity with which the Ball is to be thrown ; biſ- 
ſe this in the Point G, through which draw HC perpendi- 
cular to AB, and meeting the Line AC (perpendicular to 
AK) in C. On Cas a Center with the Radius C 4, deſcribe 
the Circle ABD ; laſtly, through K draw the Line KEI per- 


pendicular 
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II. Tux greateſt horizontal Diſtance, to 
which a Body can be thrown with a given Ve- 

locity, is at the Elevation of 45 Degrees *. 
III. Ir two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty- five De- 
grees as the other below, the horizontal Di- 
ſtances (or Randoms) where they both fall, 
will be the ſame +. 
| IV. Thx 


pendicular to the Horizon, cutting the Circle in the Points E and 
1; I fay AE or AI will be the Direction ſought. 


. : 
For by the Lemma, AB== Fr Ir but ſex conflrufio. 


xe) AB is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 


AE Ai; , — On 
therefore its Equal, F. i the ſame, which by the Co 
rollary was the Thing requir'd to determine the Direction ſought ; 
conſequently the Parabola, which the Body will deſcribe, will 
paſs through the Point X. Q. E. D. 

Coroll. 1. From hence it is evident, that, if the Object to 
be ſtruck be placed any where in the horizontal Line 40 
(Fig. 18.) beyond Q, the Problem is impoſlible ; for then H 
will not touch the Circle, and the Ball will not reach that 
Point with any Direction whatever. 


* And that when the Ball is directed towards H, it will 


fall on 2 the greateſt Diſtance it can poſſibly be thrown to; 


but the Angle 2 A H being equal to AB H in the oppoſite 
Segment (32. Elem. 3.) is equal to half AGH at the Center 
(20. Elem. 3.) which is a right one; conſequently 2 AH is an 
Angle of 45 Degrees. J 


+ Coroll. 2. If the Object is ſituated in the horizontal Line 
AO (Fig. 19.) but nearer to 4, than the greateſt horizontal 
Diſtance at which it may be ſtruck, ſuppoſe in K; the two 
Directions AE and Al, with which it may be hit, are equally 

C 4 diſtant 


40 Projectiles. Part I. 
IV. Tur Height a Body will riſe to, when 


thrown perpendicularly upwards, is equal to 
half the greateſt horizontal Diſtance it can be 
thrown to, with the ſame Velocity *. 
From hence we may eaſily know how far 
a Mortar-Piece, or other ſuch Machine, will 
carry a Ball. Let the Ball be ſhot perpendi- 
cularly upwards, note the Time of its Aſcent 
and Deſcent, half that is the Time of Deſcent, 
from whence we learn the Height from which 
it falls (for Bodies are obſerv'd to fall in the 
firſt Second of Time fixteen Feet, conſequent- 
ly in two Seconds they fall four Times ſixteen 
Feet (Chap V. F. 4.) in three, nine Times as 
much, Sc. but the perpendicular Height from 
whence it falls is the ſame with that to which 


it aſcended, conſequently (S. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 
to which that Machine will carry the Ball with 
an equal Charge. 


diſtant from the Direction AH; for the Angles IAH and 


HAE are equal, as inſiſting on equal Arches IH and HE, 
(28. Elem. 3.) 


* Coroll. 3. The Altitude of a perpendicular Projection 1s 
equal to a fourth Part of the Height AP; ſor the Velocity, 
with which the Body is projected, is {ex hypoth.) ſuch as 
it would acquire by falling through a fourth Part of the Line 
AB; but a fourth Part of the Line AB is equal to half the 
Line GH, or 42 (Fig. 18.) that is, half the greateſt hori- 
zontal Diſtance to which the Body can be thrown. 


See Cotes's Harmonia Menſurarum, p. 87. Kei/'s IntroduR. 
ad Phyſ. Fræl. 16, 
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| V. Tus Randoms of two Projectiles, hav- 
ing the ſame Degrees of Elevation, but thrown 
with different Velocities, are as the Squares of 
the Velocities : For by the laſt, the Randoms 
are equal to double the Heights to which the 
Bodies thrown perpendicularly upwards will 
aſcend, but the Heights are (Chap. V. F. 6.) 
as the Squares of the Velocities, therefore the 
Randoms are ſo too. | | 

VI. SupposING the Motion of the Earth, 
all Bodies, when thrown perpendicularly up- 
wards, deſcribe Parabola's; notwithſtanding 
they appear both to aſcend and deſcend in the 
{ame right Line. 

THis may very eaſily be illuſtrated in the 
following Manner ; let there be a Body car- 
ried uniformly along the Line AB (Fig. 20.) 
by the Motion of the Earth from A towards 
B; as it paſſes the Point C, let it be projected 
upwards, by ſome Force acting underneath it 
in the Direction CO penpendicular to the for- 
mer: the Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 
towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B, the other towards O; let us then ſuppoſe, 
that in the Time it would have advanced for- 
wards to P in the Line AB, it riſes upwards to 
M in the Line CO; it wilL then be found 
in D (Chap. IV. F. 2.) In like Manner, ſup- 
poſing it would have advanced forward ” — 
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while it riſes to N, it would then be found in 
E, afterwards in F, then in G, &c. deſcribing 
the Curve CGL, which (from what was de- 
monſtrated under F. 1.) is a Parabola *. 

TE Reaſon, why it appears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the Motion 
of the Earth in the Direction AB; v. g. Sup- 
poſe the Spectator at C at the Inſtant the Body 
is thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he 
will beat Q, Sc. as is evident from what was 
obſerved about the Motion of the Body in the 
Curve; and they will both meet in L, There- 
fore ſince the Spectator imagines himſelf ſtand- 
ing ſtill, and fees the Body always perpendicu- 
larly over his Head, he muſt of Courſe think, 
that it riſes right up, and falls right down, 


It may be proper to obſerve here, that Ex- 
periments, relating to the Motion of projected 
Bodies, do not exactly anſwer the Theory, 
the Refiſtance of the Air deſtroying Part of 
their Motion ; for which a ſmall Allowance is 
to be made. 


* Dem. Suppoſe the Motion the Body had in common with 
the Earth towards B 4 ig. 21) and that with which it is 
projected towards O, ſuch, as being compounded (Chap. IV. F. 2.) 
would have produced a Motion in the Direction CX; it will 
ſollow from thence, that the Path deſcribed by it will be the 
fame, as if it had been thrown in that Direction from a Point 
as C at Reſt; but in that Caſe it would have deſcribed a Pa- 
rabolaas CGL {\. 1. therefore alſo in this. Q. E. D. 
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C HAP. VI. 
Of Centripetal and Centrifugal Forces. 


HE N a Body is projected in an ho- 
rizontal Direction, and by its Gravity 

made to deſcribe a Parabola, as demonſtrated 
Chapter the laſt ; the Curvature of that Para- 
bola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For 
the leſs its Gravity is in Proportion to the 
Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
leſs it will deviate from a ſtraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Direc- 
tion, and goes in a Curve Line, ſuppoſe to 
the Diſtance of two Miles from the Foot of the 
Mountain before it falls to the Ground; 
the ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by encreaſing the Velo- 
city, the Diſtance to which it is projected may 
be encreaſed as much as you pleaſe; ſo that 
it will not fall to the Ground, till it is arrived 
at the Diſtance of ten, or thirty, or ninety 
Degrees; or till it has even ſurrounded the 
8 5 | whole 
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whole Earth, and arrives at the very Top of 
the Mountain from whence it was projected : 
In this Caſe it will perform a ſecond Revolu- 
tion, and ſo on in infinitum, without a new 
Projection, provided the Reſiſtance of the Air 
is taken away. And were the Sphere of the 
Earth's Attraction a limited one, it might be 
projected with ſuch Violence, that it would 
continually recede from the Earth in a Curve, 
till at length it would go out of that Sphere; 
after which it would go on in a ſtraight Line 
without ever returning. Which may thus be 
illuſtrated. 

LeT ABC (Fig. 22.) repreſent the Earth, 
M the Top of the Mountain from whence 
the Body is projected in the Direction MQ: 
It may be thrown with ſuch Force as to carry 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſcribe the Curve 
MO, by which Means, if it gets out of the 
Sphere of the Earth's Attraction, ſuppoſe at O, 
it will go on afterwards in the infinite ſtraight 
Line OX, there being nothing to ſtop or alter 
its Courſe. Farther it may be projected with 
ſuch a Force from M (Fig. 23.) as will cauſe it 
continually to recede from the Earth, till it ar- 
rives at the oppoſite Point G, deſcribing the 


Curve MKG; and if the Point G is within the 


Sphere of the Earth's Attraction, the Body will 
return to M, deſcribing the Curve GLM ex- 
actly 
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actly ſimilar to MKG3; and in moving nearer 
and nearer to the Earth, till it comes to M, will 
regain what Velocity it loſt in going from M 
to G, its Gravity conſpiring with its Motion 
from G to M in the ſame Degree in which it 
oppoſed it from M to G; conſequently the 
Body when at M, having recovered the Velo- 
city with which it ſet out, will be enabled to 


perform a ſecond Revolution in the ſame Curve 


as before; and ſo on. 

AGAIN, ſuppoſe it had been projected from 
the Point M, with a leſs Degree of Force than 
would have carried it round in the Circle 
MD M (Fs. 22.) but greater than would have 
ſuffered it to have fallen to the Earth at the 
oppoſite Point F (Fig. 23.) it would alſo in 
this Caſe have arrived at the Point of M, from 
whence it ſet out; for the Exceſs of Velocity 
it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 
M, would be ſufficient to carry it off again 
from the Earth, till it arrived at M; and to 
make it deſcribe the Path FPM exactly ſimi- 
lar and equal to the former, loſing in its Way 
from F. to M juſt ſo much Velocity, as it gain- 
ed by paſſing from M to F; and thereby it 
would be enabled to perform an infinite Num- 
ber of Revolutions in the ſame Curve, with- 
out requiring a ſecond Projection. 
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FromM hence it follows, that ſuppoſing a 
Body projected from a Point at any Diſtance 
within the Sphere of the Earth's Attraction, 
with a Force ſufhcient to carry it half round 
without falling to the Surface, it is impoſſible 
it ſhould fall upon any Part of the other half; 
but will return to the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 
tions in the ſame Curve ; provided it meets 
with no Reſiſtance from the Medium through 
which it paſſes, nor any other Obſtacle to ob- 
ſtruct its Motion *. 

From hence alſo it is clear, that, the near- 
er the revolving Body approaches to the Earth, 
the faſter it moves; its Velocity being conti- 
nually increaſed during the Time of its Acceſs 
towards the Earth, and as much retarded du- 
ring its Receſs from it. And this Accelera- 
tion and Retardation will always be ſuch, that 
the Body will deſcribe equal Areas in equal 
Times: The Meaning of which is, that if we 
imagine a Line conſtantly extended from the 
Center of the Earth to the Center of the 
Body, that Line will always deſcribe or pals 
through equal Surfaces or Spaces in equal 


* Gravity is here ſuppoſed to be inverſly as the Squares of 
the Diſtance from the Earth, for 'tis poſſible that the Force, 
by which a Body tends towards another, may vary in ſuch a 
Manner at different Diſtances, that the projected Body ſhall 


deſcribe a ſpiral Line, continually approaching to, or receding 
from that about which it revolves, 
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Times, for it conſtantly becomes ſhorter the 
faſter it moves, and vice verd. 

AND for the ſame Reaſon that a Body, pro- 
jected with a ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 
round the Earth, and perform continual ſuc- 
ceſſive Revolutions therein; it follows, that 


the Moon may by the ſame Force of Gravi- 


* Dem. Let the Time in which the Body performs one Re- 
volution be divided into equal Parts, in the firſt of which let 
the Body deſcribe the right Line 4B (Fig. 24.) in the ſecond 
Part of Time, if not prevented, it would go ſtraight on to c, 
deſcribing the Line Be equal to 4B by the firſt Law of Na- 


ture; the Lines 84, SB, Sc being drawn, the Triangles SBA, 


ScB, will be equal to each other, their Baſes AB and Be be- 
ing equal, and their Heights & the ſame (38. Elem. 1.) When 
the Body arrives at B, let the centripetal Force by one ſingle 
Impulſe turn it out of the ſtraight Line Be into the Line BC; 
in which let it move on uniformly without receiving a ſecond 
Impulſe till it comes to C. Let Cc be drawn parallel to S B 
meeting BC in C; then at the End of the ſecond Part of Time, 
the Body will be found in C, having deſcribed ,the Diagonal 
of the Parallelogram Ne (Chap. IV. F. 2.) Draw SC, and the 


Triangle SCB will be equal to the Triangle ScB, (ea hav- 
ing the ſame Baſe 8 B and being between the ſame Pars 


Cc and SB) and therefore alſo equal to the Triangle S B A. 


For the ſame Reaſon, if the centripetal Force ads in the Points 
C, D, E ſucceſſively, ſo as to make the Body deſcribe the 
ſtraight Lines CD, DE, EF, &c. in fo many equal Parts of 
Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
to one another and to the Triangle $4B, Conſequently equal 
Areas are deſcribed in equal Times. Let us then ſuppoſe the 
Baſes of thoſe Triangles, wis. AB, BC, CD, DE, &c. di- 
miniſhed in infinitum, and likewiſe the Times in which they 
are deſcribed ; then will the Perimeter 4, B, C, D, E, F, 
&c. become a Curve, and any Number of thoſe Triangles taken 
together (or their Areas) will be proportionable to the Times 
in which they are deſcribed. ©. E. D. 
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be made to revolve about the Earth, or any 
other Planet, by the like Force, about the 
Sun ; if the Velocities with which they move 
are duly adjuſted to the Forces by which they 
are acted upon. 

Wurd a Body revolves about another in 
this Manner, that Force or Power by which it 
is prevented from flying off (as it otherwiſe 
would do in a Tangent to the Curve which it 
deſcribes) is call'd the Centripetal; the Coun- 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal; theſe, by the third 
Law of Nature, being equal to each other, 
are called by one common Name, Central 
Forces ; that with which the Body is at firſt 
projected, or continues its Motion from any 
Point, is the Projefile Force; and the Time 
in which it performs one Revoiution, the Pe- 
riodical Time. 

Tusk Forces, properly relating to the Mo- 
tions of the Heavenly Bodies, will be more 
largely treated of in the fourth Part of this 


Treatiſe. 
CHAP. IX, 


Of the Communication of Motion. 


1. EFORE we proceed to explain the 


Laws, by which Bodies communicate 


their Motion from one to another, it is very 
neceſſary 
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neceſſary to make a Diſtinction between Mo- 
tion and Velocity ; ; which ought to be well ob- 
ſerv'd, and is as follows. 

By the Motion of a Body (ſometimes called 
its Quantity of Motion, ſometimes its Momen- 
tum) is not to be underſtood the Velocity only, 
with which the Body moves; but the Sum of 
the Motion of all its Parts taken together : 
Conſequently the more Matter any Body con- 
tains, the greater will be its Motion, though 
its Velocity remains the ſame. Thus, ſuppoſing 
two Bodies, one containing ten Times the Quan- 
tity of Matter the other does, moving with 
equal Velocity; the greater Body is ſaid to 
have ten Times the Motion, or Momentum, 
that the other has: For 'tis evident, that a 


tenth Part of the larger has as much, as the 


other whole Body. In ſhort, that Quality in 


8 moving Bodies, which Philoſophers underſtand 


by the Term Momentum or Motion, is no 


other than what is vulgarly called their Force, 
which every one knows to depend on their 


Quantity of Matter, as well as their Velocity. 
This is that Power, a moving Body has to affect 
another in all Actions that ariſe from its Mo- 
tion, and is therefore a fundamental Principle 


in Mechanics. 


IT. Now, fince this Momentum, or Force, 
depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it moves; the Method, to determine how 

D great 


50 Communication of Motion. Part I, 


great it is, is to multiply one by the other, 
Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity, which the other has; any two 
Numbers, that are to each other as two to one, 
will expreſs their Quantities of Matter (it be- 
ing only their relative Velocities and Quanti- 
ties of Matter which we need conſider) and 
any two Numbers that are as three to one 
their Velocities ; now multiplying the Quan. 
tity of Matter in the firſt, v;z. two by its Ve- | 
locity three, the Product is ſix; and multi- 


plying the Quantity of Matter in the ſecond I 
by its Velocity, vigz. one by one, the Product 
is one; their relative Forces therefore or Pow- | 
ers will be as fix to one, or the Moment of one 
is fix Times greater than that of the other, 
Again if their Quantities of Matter had been 
as three to eight, and their Velocities as two to 
three, then would their Moments have been as 
ſix to twenty four, that is, as one to four, 

TH1s being rightly apprehended, what fol- 
lows, concerning the Laws of the Communica- 
tion of Motion by Impulſe, and the mechani- 
cal Powers, will be eaſily underſtood. 
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The Communication of Motion. 
I. In Bodies not Elaſtic. 


III. Tross Bodies are ſaid to be not Ela 
fic, which, when they ſtrike againſt one a 
ther, 
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| ther, do not rebound, but accompany one a- 
nother after Impact, as if they were joined. 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
preſſing Force ceaſes to act. For all rebound- 
ing is occaſioned by a certain Spring in the 
Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 
immediately ſpring back, and throw off the 
impinging Body ; now, this being wanting in 
Bodies void of Elaſticity, there follows no Se- 


p paration after Impact. 
a IV. Wurd one Body impinges on another 
1 = which is at Reſt, or moving with leſs Veloci 


the ſame Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſe. 

Txvs, ſuppoſe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at Reſt : The Quantities of Matter in 
the Bodies being equal, their Moments and 

Velocities are the ſame; the Sum in both 
twelve; this remains the ſame after Impact 

($. 4.) and is equally divided between them 

(6. 3) they have therefore fix a-piece, that is, 

the impinging Body communicates half its 


| Velocity, and keeps half. 
* D 2 V. Wurx 
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V. Wurd two Bodies impinge on each o- 
ther by moving contrary Ways, the Quantity 
of Motion, they retain after Impact, is equal 
to the Difference of the Motion they had be- 
fore ; for by the third Law of Nature, that, 
which had the leaſt Motion, will deſtroy an 
equal Quantity in the other, after which they 
will move together with the Remainder, that 
is the Difference. 

Tnus for Inſtance, let there be two equal 
Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
cities will be two; this remains the ſame after 
Impact (F. 5.) and is equally divided be- 
tweeen them (F. 3.) they have therefore one 
a-piece: That is, the Body, which had five 
Degrees of Velocity, loſes three, or as much as 
the other had, communicates half the Remain- 
der, and keeps the other half “. 


* From theſe Poſitions it is eaſy to reduce a Theorem, that 
ſhall ſkew the Velocity of Bodies after Impact in all Caſes what- 
ever, Let there be two Bodies A and B, the Velocity of the firſt 
a, of the other 6; then (F. 2.) the Moment of A will be ex- 
preſſed by Aa, and of B by Bb ; therefore the Sum of both 
will be Aa+Bb ; and Aa-—Bb will be the Difference when 
they meet. Now theſe Quantities (by 5. 4. and 5.) remain the 
ſame after Impact; but knowing the Quantities of Motion and 
Quantities of Matter, we have the Velocity (which F. 3. is the 
{ame in both) by dividing the former by the latter (as follows 


from F. 2.) therefore ET. or Aa—Bo will in all Caſes ex- 


A- 
preſs the Velociq of the Bodies after Impact. 
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II. In Elaſtic Bodies, 


VI. Bopixs perfectly Elastic are ſuch as re- 
bound after Impact with a Force equal to that 
with which they impinge upon one another : 
Thoſe Parts of their Surfaces, that receive the 
Impreſſion, immediately ſpringing back, and 
throwing off the impinging Bodies with a 
Force equal to that of Impact, 

VII. FrRomM hence it follows, that the Action 
of Elaſtic Bodies on each other (that of the 
Spring being equal to that of the Stroke) is 
twice as much as the ſame in Bodies void of 
Elaſticity, Therefore, when Elaſtic Bodies 
impinge on each other, the one loſes, and 
the other gains twice as much Motion as if 
they had not been Elaſtic ; we have therefore 
an ealy Way of determining the Change of 
Motion in Elaſtic Bodies, knowing firſt what 
it would have been in the ſame Circumſtances, 
had the Bodies been void of Elaſticity. 

Tuns, if there be two equal and Elaſtic 
Bodies, the one in Motion with twelve De- 
grees of Velocity impinging on the other at 
Reſt, the impinging Body will communicate 
twice as much Velocity as if it had not been 
Elaſtic, that is (by $. 4.) twelve Degrees, or 
all it had ; conſequently it will be at Reſt, and 
the other will move on with the whole Velo- 
city of the former, | 
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VIII. Ir ſometimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E. 
laſtic, it loſes more than all; that is, the Ex- 
ceſs of what it loſes, above what it has, is ne- 
gative, or in a contrary Direction; thus, ſup- 
_m the Circumſtances of Impact ſuch, that a 

dy, which has but twelve Degrees of Velo- 
city, loſes ſixteen ; the overplus four is to be 
taken the contrary Way, that is, the Body will 
rebound with four Degrees of Velocity. v. g. 
Let it be required to determine the Velocity 
of a Body after Impact againſt an immoveable 
Object. Let us firft ſuppoſe the Object and 
Body both void of Elaſticity : Tis evident the 
impinging Body would be ſtopp'd or loſe all its 
Motion, and communicate none; if they are 
Elaſtic, it muſt loſe twice as much (by F. 7.) 
and conſequently will rebound with a Force 
equal to that of the Stroke. 

IX. IT is ſufficient if only one of the Bo- 
dies is Elaftic, provided the other be infinitely 
hard; for then the Impreſſion in the Elaſtic 
Body will be double of what it would have 
been, had they both been equally Elaſtic : And 
conſequently the Force with which they re- 
bound, will be the fame as if the Impreſſion 
had been equally divided between the two 
Bodies, 

X. THERE are no Bodies, that we know 
of, either perfectly Elaſtic, or infinitely * ; 

| | the 
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the nearer therefore any Bodies approach to 
Perfection of Elaſticity, ſo much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, approach to 
thoſe we have laid down. 

XI. Sir IsAAc NewToN made Trials with 
ſeveral Bodies, and found that the ſame De- 

gree of wo wy always appeared in the fame 
Bodies with whatever Force they were ſtruck, 
ſo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 
up very compact, receded from each other, to 


' bear nearly the Proportion of five to nine to the 


Celerity wherewith they met; and in Steel, he 
found nearly the ſame Porportion; in Cork the 
Elaſticity was ſomething leſs, but in Glaſs 


much greater; for the Celerity, with which Balls 


of that Material ſeparated after Percuſſion, he 
found to bear the Proportion of fifteen to ſix- 
teen to the Celerity wherewith they met 

XII. WE have hitherto ſuppoſed the Di- 
rection, in which Bodies impinge upon one 
another, to be perpendicular to their Surfaces : 
When it is not ſo, the Force of Impact will 
be leſs, by how much the more that Direction 
varies from the Perpendicular ; for it is ma- 


nifeſt that a direct Impulſe is the greateſt of all 


* Newt. Princip, Phil, pag 21. : 
D 4 others 
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others that can be given with the ſame Degree 
of Velocity *. 

XIII. Tris is the Caſe, when Bodies impel 
one another by acting upon their Surfaces; 
but in Forces, where the Surfaces of Bodies 
are not concerned, as in Attraction, Sc. we 
muſt not conſider the Relation which the Di- 
rection of the Force has to the Surface of the 
Body to be moved, but to the Direction in 
which it is to be moved by that Force. Here 
the Force of Action will be leſs, by how 
much the more theſe two Directions vary 
from each other +. My Meaning in both 

Caſes 


*The Force of oblique Percuſſion is to that of direct, as the 
Sine of the Angle of Incidence to the Radius. 

Dem. Let there be a Pl.ne as 4D (Fig. 25.) againſt which let 
a Body impinge in the Point D in the Direction BD : which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
be reſolved into two others (Chap. IV. F. 2.) BC and B34; the 
one parallel, the other perpendicular to the Plane ; but that Force 
which is exerted in a Direction parallel to the Plane can no Way 
affect it; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line BA; but this is to the Line BD, as the Sine 
of the Angle of Incidence ADB to the Radius ; from whence 
the Propoſition is clear. 

If the Surface of the Body to be ſtruck is a Curve, then let 4D 


be made a Tangent to D the Point of Incidence, and the De- 
monſtration will be the ſame, 


+ The Force of oblique Action is to that of direct, as the Co- 
Sine of the Angle comprehended between the Direction of the 
Force, and that wherein a Body is to be moved thereby, to the 
Radias. | 

Dem. Let FD (Fig. 26.) repreſent a Force acting upon a 
Body as D, and impelling it towards E; but let DM be the 
only Way in which it is poſſible for the Body to move; the 

| Force 
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Caſes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be. leſs, by how 
much the more the Direction of the Wind va- 
ries from one that is perpendicular to the Sur- 
face of the Sail: But the Force of the Sail, to 


move the Ship forward, will be leſs, by how 


much the more the Direction of the Ship's 
Courſe varies from that, in which ſhe is im- 
pell'd by the Sail. 

XIV. To this we may add the following 
Propoſition, relating to oblique Forces, viz. 
that, if a Body is drawn or impelled three 
different Ways 5 the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
the Forces be to each other, as the ſeve- 
ral Sides of a Triangle, drawn reſpectively 
parallel to the Directions 1 in which they act *. 


CHAP. 


Force FD may be reſolved (Chap. 4. F. 2.) into two others FG 
and FH, or which is equal to GD ; = tis evident that only the 
Force GD impels it towards M. Now, FD being the Radius, 
GD is the Co-Sine of the Angle FDG comprehended between 
the two Directions FE and GM; from whence the Propoſition 
is clear, 

* Dem, Let the Lines AP, AD, AE, (Fig. 27.) repreſent 
the three Forces acting upon the Body 4 in thoſe Directions, 
and by that Means keeping it at Reit in the Point 4. Then 
the Forcs EA and DA wil! be equivalent to Þ 4, otherwiſe 
the Body would be put into Motion by them (contra Hypoth. ) 
But theſe Forces are alſo equivalent to AC (Chap. IV. F. 2.) 
conſequently AC may be made ute of to expreſs the Force 4B ; 
and EC, which is parallel and equal to 4D, may expres the 

Force 
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CHAP. X. 
Of the Mechanical Powers. 


I. AVING, in the foregoing Chapter, 

accounted for the Communication of 
Motion by Impulſe ; we proceed next to con- 
ſider Motion as communicated by Means of 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers, The Uſe of 
theſe Powers conſiſts chiefly in managing great 


Weights, or performing other Works with a 
determinate Force. 


II. Tax are uſually reckoned five, viz. 
The Lever, the Wheel and Axis, the Pully, 
the Screw, and the Wedge; to which ſome 
add the inclined Plane. To theſe all Machines 
how complicated ſoever are reducible. 

ITE. Trxsz Inſtruments have been of very 
ancient Uſe ; for we find that Archimedes was 
well acquainted with the Extent of their Pow- 
er; as may be inferred from that celebrated 
Saying of his, Abs rd 5'@, xai %% % xuncw, 
By which he meant, that the greateſt imagi- 


nable Weight might be moved with the fmall- 


eſt Power. 


Force AD, while AE expreſſes its own : But ACE is a Tri- 
angle whoſe Sides are all parallel to the given Directions; 
therefore the Sides of this Triangle will exprefs the Relation of 
the Forces by which the Body is kept at Reſt, 2. E. D. 
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IV. TaaT Body, which communicates Mo- 
tion to another, is called the Power ; that 
which receives it, the Weight. 

V. Tur Point in a Body, which remains 
at Reſt, while the Body is turning round, is 
called the Center of Motion. Beſides this, there 
are two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſſi- 
ble, equally diſtant from all the external Parts 
of the Body; 2. That of Gravity, or that, 
about which all the Parts of the Body, in 
whatever Situation it is placed, exactly balance 
each other, 

VI. Wurd a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 
it communicates to that other; the Action of 
one being equal to the Reaction of the other. 
See Chapter the laſt, F. 4. and 5. 

VII. Wurx two Bodies have ſuch Rela- 
tion to each other (ſuppoſe them fixed to dif- 
ferent Parts of the ſame Machine) that if one 
be put into Motion, the other will thereby 
neceſſarily have ſuch a Degree of Velocity gi- 
ven it, that their Moments will be equal ; it 
will then be impoſſible, that one ſhould begin 
to move without communicating to the other 
a Quantity of Motion equal to its own ; ' tis 
evident therefore from the laſt Propoſition, that 
if we ſuppoſe it to begin to move, in that 
very Inſtant it muſt loſe all its own Motion 
by communicating the whole to the other 


Body, 


60 
Body, and therefore, being left to itſelf, will 
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remain at reſt, and communicate none at all. 
Now the Moments of two Bodies are equal 

(Chap. IX. S. 2.) when the Velocity of the 

firſt is to that of the ſecond, as the Quantity 


of Matter of the ſecond to that of the firſt ; 


or if we ſuppoſe their Quantities of Matter 
as one to three, then by the Suppoſition their 
Velocities are as three to one; and if we mul- 
tiply the Quantity of Matter in the firſt, v72, 
one, by its Velocity three, and that of the o- 
ther, vig. three, by its Velocity one; their Pro- 
ducts are equal: their Moments are therefore 
by the Definition (Chap. XI. §. 1. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; for the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. 

VIII. Fxou hence it follows, that in any 
Machine, whether ſimple or compound, the 
Power however ſmall may have a Moment 
equal to that of the Weight ; provided the 
Machine be ſuch, that when it is in Motion, 
the Velocity of the Power ſhall bear ſach Pro- 
portion to that of the Weight, as the Weight 
does to the Power; for then, what the Power 
wants in Quantity of Matter or Weight, will 


be made up in Velocity; conſequently their 
Moments will be equal byF. the laſt, and 


therefore by F. 7, they will exactly balance 


each other; or be in Aquilibrio. 


IX. BuT 
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IX. Bur if the Power bears a greater Pro- 
portion to the Weight, than the Velocity of 
the Weight to that of the Power; it will 
then have a greater Momentum than the other; 
ſo that though the other receives all its own 
Moment from it when the Machine moves, 
yet there will ſome remain, which, if it be ſuf. 
ficient to overcome the Friction of the Machine, 
will keep it moving. 85 

We proceed now to treat of each Mecha- 
nical Power in its Order, and 


I. Of the Lever. 


X. Tur Lever is a right Line (or Bar whoſe 
Weight in Theory is not conſider'd) moveable 
on a Center, which is called its Fulcrum, or 


fixed Point. 


XI. Tye Æquilibrium in this Machine is, 
when the Diſtance of the Power from the fixed 
Point 1s to that of the Weight from the ſame, 
as the Quantity of Matter in the Weight is to 
that in the Power. 

Fok, ſuppoſing the Lever placed on its Ful- 
crum with the Weight to be raiſed at one 
End, and the Power applied to the other ; 
'tis evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
larger will be its Sweep when the Machine is 
put in Motion ; that is, it will move over pro- 
portionably more Space in the fame Time than 
the Weight to be raiſed: now, if it is placed juſt 
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ſo many Times farther from the Fulcrum, as it 
is leſs than the Weight, it will move juſt ſo 
many Times faſter ; their Moments therefore 
will be equal (F. 7.) and conſequently the Pow- 
er and Weight will exactly balance each other, 
or be in -Aquilibrio *®. And, if the Power is 
ſufficiently augmented to overcome the Friction 
of the Machine, it will put it in Motion. 

Tux Lever is of three Kinds. 1. When the 
fixed Point is between the Weight and the 
Power, as in the laſt Caſe. 2. When the 
Weight is between the fixed Point and the 
Power. 3. When the Power is between the 
fixed Point and the Weight. 

In all which Caſes the Equilibrium will 
be, when their Diſtances from the fixed Point 
are ſuch, that their Velocities ſhall be inverſe- 
ly as their Quantities of Matter ; for then (by 


8. 7.) being at Reſt, neither of them will com- 


municate any Motion to the other. 
THz common Scales may be conſidered as 


* Geometrically thus. Let 4B ( Fig. 28.) repreſent the Le- 
ver, F the Fulcrum, the Weight, P the Power, the one ſuſ- 
pended at the Extremity of the Lever 4, the other at B, and 
let BF be to FAasW to P; then while the Lever moves from 
the Situation AB into that of CD, the Point B which ſuſtains 
the Power will move as many Times farther than 4 which ſuſtains | 
the Weight (and conſequently as many Times faſter, ſince they 
perform their Motions in the ſame Time) as the Arch BD is long- 
er than 40; that is, the Triangles BFD and AFC being ſimilar, 
as the Arm BF is longer than AF, which (ex Hypoth. ) is as ma- 
ny Times as the Weight exceeds the Power, they will therefore 
(5. 7.) be in Aquilibrio. 2. E. D. 
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Lever of the firſt Kind, where the Weight 
and Power are applied at equal Diſtances from 
the fixed Point. 


The Steelyard is alſo a Lever of the firſt 
Kind, but whoſe Arms are unequal. 


Tart Difference between the Uſe of the 
Scales and the Steelyard conſiſts in this; that 
as in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
heavier Body; in the other you uſe the ſame 
Power, but give it a greater Velocity with re- 
ſ] to that of the Weight by applying it 

rther from the fixed Point, which by F. 7. 
will have the ſame Effect. 


II. The WAI EIL and Axis. 


XII. Tris Machine is a Wheel, that turns 
round together with its Axis; the Power in 
this is applied to the Circumference of the 
Wheel, and the Weight drawn up by Means 
of a Rope wound about the Axis. 

XIII. In this there will be an Æquilibrium, 
when the Weight is to the Power, as the Dia- 
2 of the Wheel to the Diameter of the 

is. 

'T1s evident, the Velocity of the Power will 
exceed the Velocity of the Weight, asmany Times 
as the Circumference of the Wheel exceeds that 
of its Axis; becauſe the Spaces they paſs over 
in one Revolution will be as thoſe Circum- 
ferences ; that is, as many Times as the Dia- 


meter 
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meter of. one exceeds that of the other (the 
Circumferences of Circles being as their Dia- 
meters;) what therefore in this Caſe the Pow. 
er wants in Weight will be made up in Velo- 
city, from whence (F. 7.) there will be an . 
quilibrium *. | 
Tur Uſe of this Machine is to raiſe 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 
ing turned ſeveral Times round, which the 
Lever is not; and alſo to communicate Mo- 
tion from one Part of a Machine to another ; 
accordingly there are few compound Machines 


HI. The PuLLsy. 


XIV, A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 
Axes. | 

XV. A ſimple Pulley, if its Axis is fixed, 
is of no other Uſe, than to alter the Direc- 
tion of the Power; for the Power and 
Weight will both move through an equal 


* Geometrically thus. Let AB (Hg. 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, the Weight, and 
P the Power; when the Wheel begins to move, the Point 
B and D will deſcribe fimilar Arches about the Center C, in 
the ſame Manner the Point A and B in the Lever were ſhewn 
to do about the fixed Point F ( Fig. 28.) that is, the Point B 
will move as many Times faſter than D, as CB is longer than 
CD or 4B than DE, the Motion therefore of P (F. 7.) will 
be equal to that of V. From whence the Propoſition is clear. 


8 Space 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 
as in Fig. 31. the Aquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between the up- 
per and lower Pullies. | 

For, ſuppoſe one End of the Rope fixed 
in B (Fig. 30.) and the other ſupported by the 
Power P, it is evident, that in order to raite 
the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, viz. BC and CP, will 
be ſhortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight ; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal : for the fame Reaſon, if there be four 
Ropes paſting from the upper to the lower 
Pullies as in Fig. 3 1. the Velocity of the Power 
will be quadruple to that of the Weight, or as 
four to one, Sc. In all Caſes therefore when 
the Power is to the Weight, as one to the 
Number of Ropes paſſing from the upper to 
the lower Pullies (§. 7.) there will be an A 
quilibrium. | is wok 

> VI. Ir the Pullies be diſpoſed as in Figure 
the 32d, each having its own particular Rope, 
the Action of the Power will be very much 
increaſed; for here every Pulley doubles it, 
wherefore the Power is four Times greater 
with two Pullies, eight Times with three, 


E ſixteen 
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fixteen Times with four, Cc. For, it is evi- 
dent from the Conſideration of the Figure, the 
firſt will move half as faſt as the Power, 
the ſecond half as faſt as that, and fo on; 
wherejore (F. 7.) the Power is doubled by 
each Pulley. 

Tur Uſe of the Pulley is nearly the fame 
with that of the Wheel and Axis, but it is 
more portable, and eaſier to be fixed up. 


IV. The Screw. 


XVII. In this Machine the Æquilibrium 
will be, when the Power is to the Weight, 
as the Diſtance between any two contiguous, 
Threads or Spirals in the Screw, to the Way 
deſcribed by the Power in one whole Reyolu- 
tion. It is manifeſt from the Form of the 
Machine (Fig. 33.) that in one Revolution of 
the Screw, the Weioht will be moved through 
a Space equal to the Diftance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compaſs it takes 
in one Revolution, therefore (F, 7.) if the 
Weight is to the Power in that Proportion, 
there will be an Aquilibrium, 

Trus Machine is of great Force, and ver) 
uſeful in retaining Bodies in a, compreſſed 
State, becauſe it will not run back, as. the 
three foregoing will, when the Power is re- 


moved, This ariſes from the great Fncie 
0 
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of thoſe Parts in the Screw, which during its 
Motion flide upon thoſe that are at Reſt, 


V. The Wepcs. 


XVIII. Turs Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third ; 
which is called the Back of the Wedge; the 
other two, its Sides. 

XIX. In the foregoing Mechanical Powers 
we have all along conſidered the Weight, as 
moved in the ſame Direction with that, in 
which it is acted upon by the Machine, as is 
commonly the Caſe; but in this, the Weight 
is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide - 
y differed in their Determination of the 

ower of this Machine, ſome conſidering the 
Weight as moved by it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
fore lay down the ſeveral Proportions, they 
have given us, for the determining the Power 
of this Machine, and examine them one by 
one. 1. It is demonſtrated by ſome, that the 
Power will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch: Proportion 
to it, as the Breadth of the Back of the Wedge 
OR „ does 
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does to the Sum of its Sides; or, which is 
the ſame Thing, as half that Breadth to one of 
its Sides. 2. Others make it ſomewhat larger, 
and demonſtrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular 
Height of the Wedge. 4. Some are of Opi- 
nion, that there will not be an Equilibrium 
in this Machine, unleſs the Power is to the 
Weight, as the whole Breadth of the Back to 
the perpendicular Height; vis. WaALL1s, 
KEIL, GRAVESANDE, Ge. 

Tuosx, who lay down the firſt Proportion 
for determing the Power of this Machine, 
ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from their firſt 
Situation in Directions perpendicular to the 
Sides of the Wedge. Thus let BAC (Hg. 34.) 
repreſent a Wedge ; P, P, two Bodies to be 
ſeparated by it, the one to be moved towards 
J, the other towards F, in the Directions Cl, 
and CF, perpendicular to AC and CB; then 
tis evident, that when the Wedge is driven 
into the Situation MNO, the two Bodies 
will be moved to Qand Q; that is, one will 
have paſſed through the Space CK, the other 
through CL, but theſe Spaces being equal, 
their Velocities are the ſame as if they had 
both paſſed over one of them, v. g. CL, or, 
which is equal to it, DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
ſuppoſe applied at D, moves through DC, x ORE 

| tne 
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the Obſtacle moves through DG, conſequent- 
ly (F. 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CB *, or 
half the Back of the Wedge to one of its 
Sides, they will be in Æquilibrio. This Pro- 
portion therefore, when the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in. the Directions CI and CF, is 
true. | AE; | 

2. Taz ſecond Proportion is alſo true, ſup- 
poſing the Bodies P, P, to recede from each 
other in the Directions CN and CM, parallel to 
AB the Back of the Wedge; for, when the 
Wedge is driven in between them, to the Si- 
tugtion MNO, the Bodies will have moved 
through a Space as CN, or, which is equal 
to it, DB, half the Back of the Wedge, and 
the Power through a Space equal to its Height 
as before; conſequently (F. 7.) in this Caſe, 
the Aquilibrium will be, when the Power is 
to the Weight, as half the Back of the Wedge 
to its Height . | 
| = 4 3. Trosr 


* For (8 Elem. 6.) the Triangles DCG and DCB are ſimilar, 
and conſequently DG: DC: : DB: CB, 

+ The {ame may be otherwiſe demonſtrated from Section 14. 
Chapter 9. thus. Let there be a Body as IL ( Fig. 35.) drawn 
againſt the Wedge ABC by the Weight V, in the Direction LF, 
parallel to the Back of the Wedge 4B ; but prevented from 
ſliding down towards C, by a Plane (whoſe upper Surface we 
may ſuppoſe repreſented by EF) lying under it. I fay, the 
Power will be to the Weight, when they are in £quilibrio, as 
DA to DC, 

TONY Dem. 
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3. Tuosx, who imagine there will not be 
an Aquilibrium, unleſs the Power be to the 
Weight, as the whole Breadth of the Back 
of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated 
recede from each other in Directions parallel 
to the Back of the Wedge; and endeavour 
to ſupport their Opinion by the following Ar- 
„R vi g. that, when the Wedge is driven 
into the Situation MNO (Fg, 34.) as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge, 


the whole Weight has therefore moved through 


Dem. The Body L is here ated upon in three Directions, 
wiz. by the Force of the Weight in the Direction LF, by 
the two Planes CA and EF, in the Directions LG and LF, 

erpendicular to their Surfaces ; let GE be drawn parallel to 

J, then will the Triangle LE have all it Sides reſpec 
tively parallel to thoſe Directions; conſequently (Chap. g. F. 14) 
if we ſuppoſe LE to expreſs the Force oi the Weight, GE will 
expreſs that of the ſuppoſed Plane, or which is the equal to it, 
becauſe they act in contrary Directions to that of the Power: But 
GE is to EL, as DA to DC (for the Triangles EGL and DAC 
are ſimilar, the Sides of one being ex Conflrut, reſpectively 
perpendicular to thoſe in the other; v. g. LG to CA, EL to 


DC, and GE to DA); conſequently the Power is to the 


Weight, when they balance each other, as half the Breadth 
of the Back of the Wedge to its Height. Q. E. D. 

Corel, Suppoſe the Body IL had been drawn againſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction towards 
E, as in the firſt Caſe; then if GL expreſſes the Force with 
which it is drawn towards the Wedge, GE will be that with 
which it reſiſts the Power; but GE is to GL as DA to AC, 
the Triangles EGL and DAC being fimilar ; conſequently in 
this Caſe, the Power will be to the Weight, as half the Breadth 
of the Back of the Wedge to one of its Sides; as was before 
demonſtrated. 
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twice ſo much, or a Space equal to the whole 
Back : as much as to ſay, the Whole has mo- 


ved farther than its Parts; which is abſurd. 


XX. To determine the Power of this Ma- 
chine in general, let ABC, in Fig. 34. repre- 
ſent an iſoſceles Wedge, whoſe Sides are AC 
and BC, and its Back AB; draw the Line CD 


perpendicular to AB; and let R, R, repreſent 


two equal Bodies to be ſeparated by the Wedge, 
and ſuppoſe them confined by Planes put un- 
der them, or otherwiſe, to move in the Direc- 
tions T and Z only, that are equally inclined 
to the Sides AC and BC reſpectively : and let 
the Wedge be driven in the Direction DC. Let n 


be the Point where the Body R touches the 


Wedge, and through n any Point in the Line 
mT draw the Line n parallel to DC, and pa- 
rallel to T draw DX meeting CB (produced if 
neceſſary) in X; then the Triangles nr and 
CDX will be ſimilar, the Sides of the one 
being reſpectively parallel to thoſe of the other. 
And becauſe the Bodies to be ſeparated are 
equal, and the Wedge iſoſceles, the Lines T 
and Z equally inclined to the Sides CB and 
CA, and the Wedge driven in the Direction 
DC, the Bodies will be both moved with equal 
Degrees of Velocity; and while the Wedge 
moves downwards a Space equal to rn, each of 


the Bodies will be driven in the Directions T 


and Z over a Space equal to mn: if rn there- 
fore be taken to meaſure the Velocity of the 
9 Wedge, 
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Wedge, mn will meaſure that of both the Bo- 
dies; for as to their moving different ways, that 
makes no Difference, becauſe they are as free 
to move one way as another. Since then the 
Triangles mxr and DC are ſimilar, and there. 
fore the Proportion of rn to mn the ſame as 
that of DC to DX, the Velocity of the Wedge 
wall be to the Velocity with which the Bodies 
R, R, are driven by it, as DC to DX; and 
conſequent'y, whatever Forces, acting in the Di- 
rections TM Zs, oppole the Motion of the 
Wedge, a Force of the ſame Kind, acting upon 
the Back of the Wedge at D in the Direction 
DC, and puſhing it forwards, will be in Æqui- 
librio therewith, when it bears ſuch Propor- 
tion to them, as DX does to DC: And there- 
fore, if DC be taken to meaſure the Reſiſtance 
of the Bodies to be moved by the Wedge, 
DX will always be the Meaſure of the Power 
requiſite to make an /Equilibriam therewith. 
From this general Theorem the particular 
Caſes that fall under it are readily deduced, 
Thus, if the Bodies R, R, are confined to move 
upwards in Directions parallel to the Sides of 
the Wedge, „T will lie parallel to CB; and 
therefore DX the Meaſure of the Power ne- 
ceſſary to make an Ægquilibrium, being to be 
drawn parallel to T, mutt be drawn parallel 
alſo to CB; it will therefore meet CB produced 
at no leſs than an infinite Diſtance, and will 
conſequently itſelf be e : that is to ſay, 


no 
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no finite Power will be able to drive the 
Wedge any farther between the Bodies thus 
confined. If the Bodies are confined to an hori- 
zontal Motion, mT becomes parallel to AB the 
Back of the Wedge, and DX (parallel to 1) 
falls upon DB, and DB halt the Back of the 
Wedge is the Meaſure of the Power requiſite 
to conſtitute the Equilibrium. If the Bodies 
are confined to move off at right Angles. to the 
Sides of the Wedge, DX falls upon DG, and 
DG meaſures the Power; conſequently; DG 
being ſhorter than any other Line that can be 
drawn from D to the Line CB, the Power in 
this Caſe neceſſary to make an Equilibrium 
with the Reſiſtance of the Bodies, is what the 
Mathematicians call a Mini mum; that is, it is 
leſs in this than in any other Suppoſition what- 
ever, And if the Bodies are to be moved per- 
pendicularly downwards, X falls upon C, and 
DC becomes the Meaſure of the Power : but 
DC is all along ſuppoſed to meaſure the Reſi- 
ſtance of the Bodies to be moved by the Wedge 
the Power therefore and the Reſiſtance are now 
equal to each other ; which implies that the 
Bodies in theſe Circumſtances are capable of 
being moved either. with or without the 
Wedge with equal Eaſe. If the Bodies are 
confined to move downwards in Directions pa- 
rallel to the Sides of the Wedge, DX becomes 
parallel to BC, the Point X falls upon it infi- 
nitely below C, and therefore DX, and conſe- 


quently 
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quently the Power to be meaſured by it, be. 
comes infinite again; that is, the Bodies cannot 
be driven by the Wedge in thoſe Directions 
by any Power whatever. When the Bodies 
R, R, are not confined, but are at Liberty to 
move in any Direction whatever, they will 
naturally take that in which they may be driven 
by the Wedge with the greateſt Eaſe ; that is, 
they will take that which is perpendicular toits 
Bides ; and therefore the Perpendicular DG, 
which was the Meaſure of the Power neceſſa- 
ry to make the Equilibrium, when the Bodies 
were confined to move in that Direction, and 
was the Minimum, will be the Meaſure of it 
alſo in this Suppoſition. 

XXI. The conſidering the Bodies to be ſe- 
parated by the Wedge as confined to move from 
each other in particular Directions, leads us to 
an eaſy Solution of a Caſe relating to one of the 
Uſes of this mechanical Power, I mean the Di- 
viding of Bodies therewith. To determine the 
Power of it in this, let us conceive the two 
Pieces LQ and LQ as turning upon a Joint at 
L, which Joint is to be opened by the Wedge 
ACP, driven in between the Pieces, and preſ- 
fing againſt them only at their Extremities G 
and H, as repreſented in Fig. 36. And let us 
ſuppoſe that there is a certain Degree of Stiffneſs 
in the Joint, by which Stiffneſs may aptly. be 
denoted the Tenacity or Coheſion of the Parts 
of the Body to be divided. Let the Lines — 
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and HI be drawn perpendicular to the Lines 
LG and LH, which will therefore be the Di- 
rections, which thoſe Extremities will be con- 
fined to, when they begin to move: parallel to 
one of theſe, as GF, draw DX; then ſince, 
as we have juſt been ſhewing, if two Bodies, 
confined to move in the Directions G and HI 
only, were to be ſeparated by the Wedge, the 
Power neceſſary to make an Equilibrium with 
the Reſiſtance of thoſe Bodies would be to that 


Reſiſtance as DX to DC; or that, if DC be 


taken to meaſure the Reſiſtance they make, 
DX ſhall meaſure the Power that ſhall cauſe an 
Aquilibrium between them, it follows, that, in 
this Caſe, if we meaſure the Force, which, if 
applied at & and H in the Directions GF and 
HI, would overcome the Tenacity at L, and 
rend the Pieces aſunder without a Wedge, 
DX will be the Meaſure of the Force, which 
would, with equal eaſe, perform the ſame 
thing by the Help of the Wedge. And when the 
Point comes infinitely near to L, and DX, pa- 
rallel to GF, becomes therefore perpendicular 
to CB, and conſequently the Triangles DCX 
and DCB become ſimilar (8. Elem. 6.) the 
Power neceſſary to rend the Pieces with the 
Wedge will be to that which would do the 
ſame without it, as DX to DC; that is, be- 
cauſe of the Similarity of the ſaid Triangles, 


as DB to BC, or as half the Back of the Wedge 
to one of its Sides. 0/276 


io 


But, 


— 
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But, if we have no Regard to the Stiffnek 


of the Joint L, and conſider only the Quantity 

of Matter in the Power that drives the Weds: 
and in the Bodies LQ and LQ to be turned upon 
that Joint, neceſſary to make an Equilibrium 


between them, as is the uſual Method in The- 


ory, and obſerved in all the other mechanical 
Powers, and the Thickneſs of the Pieces be the 
ſame from End to End, and their Subſtance 
uniform, ſo that their Centers of Gravity may 
be in the Mid-way between L and G, or L and 
H, or any where in the Arches 6c and de, 
whoſe Centers are at L, and which cut the Lines | 
LG and LH in the Middle, the Aquilibrium 


will be, when the Quantity of Matter in the 


Power is to the Quantity in the Bodies LQ and 


LQ, as half DX to DC, and when the Point 
of the Wedge comes infinitely near to L, and 
DX becomes perpendicular to BC, and the 
Triangles DCX and DCB ſimilar (as above) as 
half DB to BC, or as a Quarter of the Back of 


the Wedge to one of its Sides: Becauſe, as is 
evident, in this Suppoſition the Centers of Gra- 
vity of the Pieces will have but half the Velo- 


city they would have had, had all Parts of them 


been to be moved as faſt as the Extremities G 
and H; half the Power therefore will be ſuffi- 
cient to move them that would have been re- 


quired in that Caſe; but in that the Quantity of 


Matter in the Power muſt have been to the 


Quantity in the reſiſting Bodies, as PX to nd 
457 Lok an 
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and, when C comes infinitely near to L, as DB 


to BC; it is therefore, in the preſent Suppoſi- 
tion, in the former of theſe Caſes, as half DX 


to DC, and in the latter, ſas half DB to BC, or 


as a fourth Part of the Back of the Wedge to 
one of its Sides. 
Or this Propoſition may be conſidered in ano- 


ther Light, thus: The Centers of Gravity of 


the two Pieces LQ and LQ being in the Ar- 
ches bc and de, that cut LG and LH in the 
Middle, they are carried upon the Levers LG 
and LH in the Mid-way between their common 
Fulcrum L and their Extremities G and E; the 
Wedge therefore has not only a mechanical 


Advantage over them, in Conſequence of its 
own Form, in the Proportion of DX to DC, 


but in Conſequence alfo of their being carried 


upon the ſaid Levers, in the Proportion of two 


to one; the Wedge therefore has twice the 
Power over them it would otherwiſe have ; and 
conſequently half the Quantity of Matter in the 
Power that drives the Wedge is ſufficient to 
conſtitute an Æquilibrium that is requiſite where 
no ſuch Levers are concerned, 

XXII. Tux Form of the Inclined Plane being 
no other than that of half a Wedge, as is ma- 
niteſt from the Repreſentation of it (Fig. 37.) 
it follows, that what has been demonſtrated 
of the one, may be applied to the other, and 
the Properties of both will be found the ſame. 
For Inſtance, if the Weight W is to be drawn 


up 
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up the Plane CB, by the Power P, in a Di- 
rection parallel to the Plane, inſtead of that, 
we may ſuppoſe the Weight prevented from 
running off the Plane by the String WH, and 
the inclined Plane driven under it like a Wedge 
in the Direction DC: then will the Weight 
riſe towards G in a Direction perpendicular 
to CB, for we muſt always ſuppoſe the String 
WB parallel to the Plane (as it .would have 
been, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon 
the Weight be ſimilar to that of the Wedge 
in- the firſt Caſe, and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
DB to BC; that is, as the Height of the Plane 
to its Length. Again, ſuppoſe the Weight 
was to have been drawn up the Plane by a 
String in the Direction WF parallel to CD 
the: Baſe of the inclined Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
CD, that is, parallel to DB: then the Caſe will 
be analagous to the ſecond of the Wedge; 
conſequently, the Power will be to the Re- 
ſiſtance of the Weight, when there is an . 
quilibrium, in the Proportion of DB to DC, 
as there demonſtrated, 

XXIII. Tusk are the Powers or Machines, 
which, under different Forms, conſtitute all 
other how. complicated ſoever; and as the 
Equilibrium, in any one of theſe, is, ys the 
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Power and Weight are inverſely as their Ve- 
locities; ſo in a Machine however com 
ed, the Power and the Weight will exactly 
balance each other, when they are in this 


A Proportion; for by F. 7. their Moments will. 


then be equal, and the Machine, if at Reſt, 
will continue in that State; and, if put into 
Motion by an external Force will gradually 
loſe it, when that Force ceaſes to act; on ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mo- 
tion could be performed in a perfect Vacuum. 
From hence we fee the Impoſſibility of con- 
triving an Engine, whoſe Motion ſhould be 
perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
ternal Force; a Problem that has given Birth 
to an almoſt infinite Number of Schemes. and' 
Contrivances, For unleſs ſome Method could 
he found out of gaining a Force, by the art- 
ſul Diſpoſition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deſtroyed by Friction, and the Re- 
ſiſtance of the Air, the Motion, which was at 
firſt given to the Machine, muſt at length be 
neceſſarily loſt, But we ſee, that thoſe In- 
ſtruments are only different Means, whereby 
cne Body communicates its Motion to another, 
and not deſigned to produce. a Force which 
had no Exiſtence before, *Tis for Want of a 
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due Conſideration of this, that ſo many Me. 
chanical Deſigns have proved abortive, ſo many 
Engines unequal to the Performance for which 


they were deſigned, and ſo many Impoſlibi. 
lities attempted. 


« Tx it were poflible, ſays Bp. WILEkIVõ, 
© to contrive ſuch an Invention, whereb 
<* any conceivable Weight may be moved by 
t any conceivable Power, both with equal 
« Velocity (as it is in thoſe Things which are 
« immediately ſtirred by the Hand, without 
« the Help of any other Inſtrument) the 
e Works of Nature would be then too much 
pl « ſubjeted to the Power of Art; and Men 
þ « might be thereby encouraged (with the 
1 e Builders of Babel, or the Rebel Giants) to 
t ſuch bold Deſigns, as would not become 
<« a created Being. And therefore the Wiſdom 3 
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t of Providence has ſo confined theſe Human 
«© Arts, that what an Invention hath, in the 
© Strength of its Motion, is abated in the Slow- 
ce neſs of it; and what it has, in the extraordi- 
ce nary Qurickneſs of its Motion, muſt be al- 
te lowed for in the great Strength requiſite in 
© the Power which is to move it *,” 
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by Of the Vibration of 4 Pendulum in 
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PrRoPosITION LI. 


Ou 

: F a Pendulum be made to vibrate in a 
ich Cycloid, all its Vibrations, however une- 
len qual, will be zſocronous; that is, they will be 
the performed in equal Times (a). 


(a) In order to demonſtrate this Propoſition, it will be proper 
= to lay down the following Lemma's, | 

"an LEMMA I. 

the If a Body deſcends from A along the Line AX, ¶ Appendix Plate, 
1 Fig. 1.) by virtue of à Force which decreaſes in Proportion as the 
di Diſtance of the Body from N decreaſes ; that is, if —_ the B 
d- comes to M, N, O, &c. the Aion of that Force upon the Body, 
al- as the Diflances XM, XN, XO, borate : And if the laſt 
in acquired Velocity of the Body ; that is, its Velocity when it comes to 


X, be expreſſed, or ſet off, by the Perpendicular XB, equal in Length 
o the Line AX, and fp e M. N, O, F. be het of 
there by the Lines MD, NP, OQ, &c. in Length proportionable 
to each other and to the Line XB, as the Velocities 75 the falling 
Body at M, N, O, &c. are to each other and to its laſt Velocity at 
X: And if through the Extremities of tbeſe Lines, the Carve ADB 
be drawn; I ſay, that Curve will be a Portion of a Circle: Aud 
the Time in which the Body will deſeend through the aubole Space or 

Vol. I, F Line 
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Line AX [or any Part of it, as MO] will be fuch Time, as woul! | 3 
be requifite for it to deſcribe the whole Arch AB [or any Part « al 
DO, correſponding to M O] in, with its laſt acquired Vela 
at X. 


Demonſtration of the Lemma. Parallel and contiguous to the 


Lane MD, draw NP, in which Caſe the Line MN becomes 3 3 
Point, and the Arch DP a Tangent to the Curve: Produce PD 
till it meets XA produced, in I'; draw the Line XD; and le: 


fall the Perpendicular DL. Then the Lines DL and TM being 


parallel, the Angles PDL and DTM are equal, as being alter- | 7 


nate (by 27 Elem. 1.); and the Angles at L and M as being 


right ones; the Triangles therefore PDL and DTM are ſimilar, I 
which for the Sake of referring to it afterwards, let us make the 


firſt Step of the following Proceſs | 1 | The Triangles PDL and 
DTM are fimilar 
From the firſt Step we have this 
Proportion (5 Elem. 6.) 2 |[PL:LD:: DM: MT, 
By the Figure 3 LD = MN 
But MD being the Velocity when 
the deſcending Body comes to 
M, the Point MN is deſcribed] . 
with that Velocity ; for there| | 
is no Acceleration during the] | 
Paſſage of a Body over a Point ; 
conſequently MN is proporti- | 
onable to MD; that is, 4| MN is as MD. 
Comparing the ſecond, third, and 
fourth Steps 5 PL: M:: DM: Mr 
But MD and NP being the Velo- 
cities of the deſcending Body at 
M and N, LP the Difference of 
thoſe Lines, expreſſing the In- 
creaſe of Velocity in the Body, 
will be proportionable to the | ' 
moving Force at the Point MN; | 
that 1s, by the Suppoſition, to, 
the Diſtance XM ; therefore | 6 PL is as XM | 
Comparing the fifth and fixth |I7|XM:MD:: DM: MT 
Conſequently (5 Elem. 6.) | 8 | The Triangles XMD and 
DMT are ſimilar. 


And therefore, ſince their Angles at M are right ones, the 
1 TDX is (by the Converſe of Prop. 8. Elem. 6.) right 
angled at D. Conſequently ſince the ſame is true of any ns 
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Point of the Curve, as well as D, the Arch ADB is a Portion 
of a Circle (16 Elem. 3.) Which is the firſt Part. 


Secondly, comparing the firſt and 
eighth Steps, the * * 
PDL and XMD are ſimilar; 
therefore 9] LD: DM:: DP: DX 

ADB being a Portion of a Circle, | | 
as already proved 10] DX = XB 

Comparing the 3d, gth and 1oth 
Steps 11] MN : DM:: DP: XB. 
Since then the Point MN bears the ſame Proportion to MD, 

or the Velocity it is deſcribed with by the falling Body, that 

the Point DP does to the laſt acquired Velocity XB, it follows 
that the former, MN, is deſcribed in the ſame Time with the 

Velocity the Body has when there, that the latter, DP, might 

be with the laſt acquired Velocity XB. And fince the ſame is 

true of every other Part of the Arch ADB, it is obvious that 
the Time in which the Body will deſcend through any other 

Part of the Space AX, [or the whole of it,] will be ſuch as 

would be required for it to deſcribe any correſponding Part of 

the Arch ADB, [or the whole of it,] with the laſt acquired 

Velocity XB. Which was the other Part. 

Coroll. Hence it follows, that if a Body deſcends along the 
Line AX, by Virtue of Forces acting upon it at A, M, N, O, 
Sc. proportionably to the Length of the Lines XA, XM. XN, 
XO, Oc. and if on X as a Center, and with the Radius XA a 
Portion of a Circle, as ADB, be deſcribed; and if the Radius 
or whole Sine XB, be put to repreſent the Velocity of the Bod 
when it comes to X, the other Sines MD, NP, OQ, Sc. wi 
repreſent the reſpective Velocities of the Body at the ſeveral 
Points M, N, O, &c. And converſely, if one of the Sines, 
as MD, be put to expreſs its Velocity at M, the other Sineg 
NP, OQ, and the Radius or whole Sine XB, will expreſs the 
Velocity of the Body at thoſe other Points N, O and X. 


LEMMA II. 


Fa Body moves along the Line AX, (Fig. 2.) and be urged 
all the Way by Forces proportionable to its Diſtan e from the Point 
X; whatever Point of that Line it ſets out from, it will come to 
the Point X in the ſame Time. Which Time will bear ſuch Pro- 
portion to the Time it would move over the whole Line AX in, with 
tbe Velocity it ſhall acquire by falling through the whole Line AX, 
8s the Semicircumference of a Circle does to its Diameter, 
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Line AX [or any Part of it, as MO) will be ſuch Time, as woul! 
be requiſite for it to deſcribe the whole Arch AB [or any Part a 
DQ, correſponding to MO] in, with its laſt acquired Velociy 
at X. 

Demonſtration of the Lemma. Parallel and contiguous to the 
Line MD, draw NP, in which Caſe the Line MN becomes z Bil 
Point, and the Arch DP a Tangent to the Curve: Produce PD BY 
till it meets XA produced, in I'; draw the Line XD; and l: 
fall the Perpendicular DL. Then the Lines DL and TM being BY 
parallel, the Angles PDL and DTM are equal, as being alter. 
nate (by 27 Elem. 1.); and the Angles at L and M as being ⁵⁶ 
right ones; the Triangles therefore PDL and DTM are fimila, 
which for the Sake of referring to it afterwards, let us make the 
firſt Step of the following Proceſs | 1 | The Triangles PDL and 


DTM are fimilar 
From the firſt Step we have this 
Proportion (5 Elem. 6.) 2 |[PL: LD :: DM: MT. 
By the Figure 3 [LD = MN 
But MD being the Velocity when 
the deſcending Body comes to 
M, the Point MN is deſcribed 
with that Velocity ; for there 
is no Acceleration during the | 
Paſſage of a Body over a Point ; 
conſequently MN is proporti- | 
onable to MD ; that is, 4| MN is as MD. 
Comparing the ſecond, third, and 
fourth Steps 5|PL: M:: DM: MT 
But MD and NP being the Velo- 1 
cities of the deſcending Body at 1 
M and N, LP the Difference of 1 
thoſe Lines, expreſſing the In- i 
creaſe of Velocity in the Body, 
will be proportionable to the 
moving Force at the Point MN ; 
that is, by the Suppoſition, to 
the Diſtance XM ; therefore | 5 |PL is as XM 
Comparing the fifth and fixth | 7 | XM : MD : : DM: MT Bl 
Conſequently (5 Elem. 6.) | 8 The Triangles XMD and 
DMT are ſimilar. 


And therefore, ſince their Angles at M are right ones, the 
Triangle TDX is (by the Converſe of Prop. 8. Elem. 6.) right | 
angled at D. Conſequently ſince the ſame is true of any — 
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Point of the Curve, as well as D, the Arch ADB is a Portion 
of a Circle (16 Elem. 3.) Which is the firſt Part, 


Secondly, comparing the firſt and | 
eighth Steps, the Triangles 
PDL and XMD are fimilar ; 
therefore g9|LD: DM:: DP: DX 

ADB being a Portion of a Circle, 
as already proved 10] DX = XB 

Comparing the 3d, gth and 1oth 
Steps 11] MN : DM:: DP: XB. 
Since then the Point MN bears the ſame Proportion to MD, 

or the Velocity it is deſcribed with by the falling Body, that 

the Point DP does to the laſt acquired Velocity XB, it follows 
that the former, MN, is deſcribed in the ſame Time with the 

Velocity the Body has when there, that the latter, DP, might 

be with the laſt acquired Velocity XB. And fince the ſame is 

true of every other Part of the Arch ADB, it is obvious that 
the Time in which the Body will deſcend through any other 

Part of the Space AX, [or the whole of it,] will be ſuch as 

would be required for it to deſcribe any correſponding Part of 

the Arch ADB, ſor the whole of it,] with the laſt acquired 

Velocity XB. Which was the other Part. 

Coroll. Hence it follows, that if a Body deſcends along the 
Line AX, by Virtue of Forces acting upon it at A, M, N, O, 
&c, proportionably to the Length of the Lines XA, XM. XN, 
XO, c. and if on X as a Center, and with the Radius XA a 
Portion of a Circle, as ADB, be deſcribed; and if the Radius 
or whole Sine XB, be put to repreſent the N. of the Bod 
when it comes to X, the other Sines MD, NP, OQ, Sc. will 
repreſent the reſpective Velocities of the Body at the ſeveral 
Points M, N, O, Sc. And converſely, if one of the Sines, 
as MD, be put to expreſs its Velocity at M, the other Sines 
NP, OQ, and the Radius or whole Sine XB, will expreſs the 
Velocity of the Body at thoſe other Points N, O and X. 


LEM MA II. 


Fa Body moves along the Line AX, (Fig. 2.) and be urged 
all the Way by Forces proportionable to its Diſian e from the Point 
X ; whatever Point of that Line it ſets out from, it will come to 
the Point X in the ſame Time. Which Time will bear ſuch Pro- 
portion to the Time it would move over the whole Line AX in, with 
tbe Velocity it ſhall acquire by falling through the whole Line AX, 
8s the Semicircumference of a Circle does to its Diameter, 

F 2 Dem. 
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Dem. Let two Bodies A and P ſet out from the Points A and 
P at the ſame Time; and let them be urged by Forces propor- 
tionable to their Diitances from the Point X: I ſay, thoſe Bodie 
will come to X at the ſame Inſtant of Time; that is, they wil 

overtake one another at that Point. On X as a Center, and 
with the Radius's XA and XP deſcribe the two Quadrants A} 
and PQ; and draw the Line SX, and the Sines RS and MN; 
and let the whole Sine or Radius XB expreſs the Velocity the 
Body A will acquire by falling to X: Then by Corollary of 
Lemma 1. will the Sine RS, if taken as near as poſſible to A, 
expreſs the firſt Velocity of the Body A. But the Force, which 
urges the Body A is ſuppoſed to be to that which urges the Body 
P, as XA to XP (or becauſe the Archs AS and PN are fimilar) 
as RS to MN: As therefore RS expreſſes the firſt Velocity of A, 
MN will expreſs the firſt Velocity of the other Body P: And 
therefore by the ſame Corollary, its Velocity when it comes to J, 
will be expreſſible by XQ. Farther, the Time the Body A falls 
to X in, is by Lemma 1. equal to the Time the Arch AB would 
be deſcribed in with the Velocity XB; and the Time the other 
Body falls from P to X in, is equal to the Time the Arch P 
would be deſcribed in with the Velocity X. But a Body will 
be as long in moving over the Arch PQ with the Velocity XQ, 
as over the Arch AB with the Velocity XB, the Lines XQ an 
XB having the ſame Proportion to each other, that the Archs 
have. Therefore the Time the Body A falls to X in, is equal 


to the Time the other Body P would fall to that Place in, 
Which was the firſt Part, 


Again by Lemma 1. 1 | The Time a Body would fall from 
A to X in, is equal to the Time 
it would move over the Arch AB 
in, with its laſt acquired Velo- 
Axiom, or ſelf evident city at X. 
Propoſition 2 The Time a Body would move 
| over the Arch AB in with the 
| laſt acquired Velocity at X, 5 
to the Time it would move 
| over AX in with the ſame Ve- 
Comparing the firſt and locity, as AB is to AX. 
ſecond 3 | The Time a Body would fall from 
A to X in, is to the Time it 
| would move- over AX in with 
che laſt acquired Velocity, 25 
AB is to AX, 


Axiom 


Axiom 
By the Figure 


Comparing the zd, 4th 
and 5th Steps 


| 


4 
5 


| 
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AB is to AX as twice AB is to 
twice AX. 

Twice AB is to twice AX as the 
Semicircumference of a Circle 
1s to its Diameter. 

The Time a Body would fall from 
A to x in, is to the Time it 
would move aver AX in with 
its laſt acquired Velocity, as the 
Semicircumference of a Circle 
is to its Diameter. Which was 
the ſecond Part. 


LEMM A III. 


If from the Irwermojt Point of a Circle, as X, (Fig. 3.) be 
drawn the Chords XQ and XO, the Power of Gravity whereby it 
ſhall cauſe a Body to deſcend along the former, will be to the Power 
whereby it Hall cauſe it to deſcend along the latter, as the Length of 
the former is to the Length of the latter. 

Dem. Draw the Diameter XD, the Perpendiculars QR and 


Os; and join the Points OD and OD. Then (by 31 Elem. 3.) 
the Triangle AQD is * angled at Q; and therefore (by 8 


Elem. 6.) 
And for like Reaſons 
But by Part I. Chap. 6. 5 2. 


And alſo 


Comparing the iſt and 3d 


Camparing the 2d and 4th 


2 


y 


X: XU: AQ: AD. 

8: XO:: XO: XD 

The Effect or Power of Gravity 
upon a Body deſcending along 
the Chord Q, is to that which 
it exerts upon another falling 
freely; that is, to its whole 
Power, as XR to Q. 

The Power of Gravity upon a 
Body deſcending along the 
Chord Ox, is to its whole 
Power, as XS to XO. 


| The Power of Gravity upon a 


Body deſcending along the 
Chord QX, is to its whole 
Power, as XQ to XD. 

The Power of Gravity upon a 
Body deſcending along the 
Chord OX, is to its whole 
Power, as XO to XD. 
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Comparing the 5th and| | 

6th Steps 7 | The Power of Gravity upon 2 
Body deſcending along ths 
Chord QX, is to the Power 
of Gravity upon a Body de. 
ſcending along the Chord OX, 

| | as XQ to XO. Q. E. D. 
The Deſcription of a Cycloid, with the Definitions relating 
thereto. 11 a Circle as FCH (Fig. 4.) be rolled along the Line 
AB, till it has turned once round; the Point C in its Circum- 
ſerence, which at firſt touched the Line at A, will deſcribe the 
Curve Line ACXB, which Curve is called a Cyc/oid. The right 
Line AB is its Ba/e : The middle Point X is its Vertex: Anda 
Perpendicular, as D, let fall from thence to the Baſe, js its 
Axis: Ard the Circle FCH, or any other as XGD, equal there- 
to, is called the Generating Circle. 


LEMMA IV. 


1f on XD, the Axis of the Cycloid, as a Diameter, the gent. 
rating Circle XG D be deſcribed; and if from a Point in the - 
cloid, as C, the Line CIK be arawn Parallel to the Baſe, the 
Portion of it CG, will be equal to the Arch GX. 


Dem. Draw the Diameter HF, then the Circles FCH and 


DGX being equal 1 KG = CI 

Adding Gl to each of them 21-KI = OG 

By the Figure 3| KI = DF 
Comparing the two laſt 4 | CG = DF 

By the Deſcription ot the Cycloid| 5 | The Arch CF = AF 
By the Figure 6 | The Arch CF = DG 
Comparing the 5th and 6th 7 | AF = DG 

By the Deſcription of the Cycloid| 8 AFD = DGX 


Comparing the 7th and 8th with 
the Figure g9| FD = GX 
Comparing the 4th and the gth ic CG = GX. Q. E. D. 


LEMMA V. 


The ſame Things being ſuppoſed as in the foregoing Lemma, « 
Tangent to the Cycloic. at the Point C, is parallel to GX a Chord 
of the Circle DGX. | = 

Dem. It appears from the Deſcription of the Cycloid, that 
ſince the Angle (H is a right one, (as it is by 31 Elem. 3.) 
the Chord CH is a Tangent to the Curve at the Point C, = = 
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CH is parallel to GX; a Tangent therefore at the Point C, is 
parallel to GX, the Chord of the Circle DGX. - QE. D. 


LEMM A VI. 


Things remaining as before, if from a Point of the Cycloid, as 
L, the Line LMK te drawn parallel to the Baſe AB, the Arch 
XL of the Cycloid, will be double of XM the Chord , the Circle 
correſponding thereto. | 

Dem. Draw the Line SQ parallel and contiguous to LK 
croſſing the Circle in R, and the Chord XM produced, in P, then 
will LS, MR and MP become Points, the firſt having the Pro- 
perty of a Tangent to the Cycloid at LS, the ſecond that of a 
Tangent to the Circle at MR, and the third, the Properties of 
a Production of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO: Produce alſo the Point 
RM, till it meets XN, a Tangent to the Circle at X. Then 
will the Lines XN and QS, being each perpendicular to the 
Diameter DX, be parallel ; and the Triangles MNX and MPR 
will be ſimilar; as having their Angles at M vertical, and at P 
and X alternate. But the Tangents NA and NM are equal (by 
36 Elem. 3.) the correſponding Lines therefore PR and RM in 
the other Triangle, are ſo too: This laſt Triangle is therefore 
an Iſoſceles one; and therefore RO being perpendicular to its 
Baſe MP, MP is equal to twice MO. The Tangent LS is 
parallel to MP, (as being by Lemma 5. parallel to Mc) and 
therefore equal to it, the Lines LK and SQ being parallel: - It 
is therefore equal alſo to twice MO. But LS is the Difference 
between the cycloidal Archs XL and XS; and MO is the Dif- 
ference between the Chords XM and XR, for ſince XO and XR 
are cloſe together, RO which is perpendicular to one of them, 
may be conſidered as perpendicular to both: The Difference 
therefore between any two Archs of the © ycloid is twice that 
which is between two correſponding Chords of the Circle ; and 
conſequently any Arch, as XL, is double of the correſponding 
Chord XM. Q. E. D. 


Coroll. Since when the Arch XL becomes XB, the correſ- 
ponding Chord XM becomes XD the Diameter of the Circle 
DMX; it is obvious, that the Semicycloid BX, or AX, is equal 
to twice DX the Diameter of the generating Circle DMX. 


LEMMA VII. 
If a Body deſcends in à Cycloid, the Force of Gravity (fo far 
at it atts upon it in cauſing - to deſcend along the Cycloid) * 
4 | 6 
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PRoPOSITION II. 


The Time in which a Pendulum vibrating 
in a Cycloid, performs a Vibration, is to the 


be proportionable to the Diſtance of the Body from the loweſt Print 
of the Cycloid. 


Dem. Let the Cycloid be AXB (Fig. 5.) whoſe Baſe is AB, 
and its Axis DX, on which laſt as a Diameter, deſcribe the ge. 
nerating Circle DQX : Draw the Chords OX and QX ; through 
the Points O and Q and parallel to the Axis AB, draw the 
Lines LS and MR; draw alto the Tangents LV and MY. Then 
becauſe by Lemma 5. the Tangent LV is parallel to OX, and 
the Tangent MY parallel to QX, it's obvious that Gravity exerts 
the ſame Power or Force upon a Body deſcending in the Cycloid 
at L (becauſe it then deſcends in the Tangent LV) as it would 
do upon the ſame Body deſcending along the Chord OX : And 
for the like Reaſon, it exerts the ſame Force upon it when it 
comes to M, that it would do if it were deſcending along QX: 
But (by Lemma 3.) the Power or Force of Gravity upon Bodies 
deſcending along the Chords OX and QM, are as the Lengths 
of thoſe Chorus; that is, by Lemma 6. (halves being propor- 
tionable to their wholes) as the Length of the Cycloidal Archs 
EX and MX. 'The Force therefore of Gravity upon a Body 
deſcending in the Cycloid at the Point L [or any other] is to its 
Force upoi the ſame when at M [or any other Point] as the Space 
or Diſtance it has to move over in the former Caſe, before it gets 
to the loweſt Point X, to that it has to run over in the latter, 
before it arrives at the ſame Point. Q. E. D. 


Demoiſiratiom of the Prepoſition in the Text to which this 
Note refers. 

By Lemma 7. The Force of Gravity ſo far as it cauſes a Body 
to deſcend in a Cyclad is proportionable to the Diſtance of that 
Body from the loweſt Point, imagine then that Body to be a 
Pendulum vibrating in the Cycloid, then whatever Point it ſets 


out from, it will by Lemma 2. come to the loweſt Point in the 


ſame Tine And contequently fince the like is true as to its aſ- 
cending from that Point, all its Vibrations be they large or 
ſmall, will be performed in the ſame Time. Q. E. D. 


Time 
2 


O BY yh 
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Time in which a Body would fall freely thro' 

half the Length of the Pendulum, as the Cir- 

cumference of a Circle 1s to its Pr, (5). 
ROB. 


(5) To demonſtrate this, the following Lemma's will be 
of Uſe. 


LEMM A VIII. 


If in a right-angled Triangle, as BFG, ( Fig. 6.) the Perpendi- 
cular FI be let fall from the right Angle to the Hypothenuſe BG, the 
Line BI multiplied iy BG will be equal to BFq. 


Dem. By 8 Elem. z. the Triangles BFI and BFG are ſimilar, 
conſequently BI is to BF, as BF is to BG, and therefore BI X 
BG = BFA. Q. E. D. 


LEMMA IX. 


If a Body deſcends along a Curve Line, as AX ( Fig. 7.) it will 
acquire the ſame Velocity that another, or the ſame Body, would do, 
by falling from an equal perpendicular Height in the Line DX. 


Dem. Parallel to the horizontal Line AD, draw the Lines BM 
and FN contiguous to each other; in conſequence of which, 
the Lines MN and BG are capable of being conſidered as Points; 
and therefore the Velocity the deſcending Bodies paſs over them 
with, as uniform; and the curve Line BG, as a ſtraight Line 
alſo, and as a Tangent to the Curve AX at the Point BG. 
Things being thus, let it be ſuppoſed that the Bodies begin their 
Fall at B and M, or, which comes to the ſame Thing, that they 
have equal Velocities at thoſe Points: Then the Velocities of 
the Bodies being uniform and equal to each other, (for there is 
no Acceleration in a Point the Lines BG and MN may repre- 
ſent the Relation the Times they are paſſed over in bear to each 
other. Varallel to DX draw BF, and let the equal Lines BF 
and MN repreſent the Force of Gravity acting perpendicularly 
at thoſe Points ; and let the Force BF be reſolved into two others, 
vie. Bl and IF, the one parallel, the other perpendicular to the 
Courſe of the Body at B: It is only the former of theſe, wiz. 
BI, that accelerates the Body along the Curve BG ; the other, 
viz, IF, neither accelerates it nor retards it, but is wholly ſpent 
in preſſing the Body cloſe to the Surface BG, if it be a Surface ; 


or in ſtretching the String which keeps the Body in the Courſe 
ABX, if it be a String. Now the Velocity a Body acquires by 
moving over any Space, is proportionable to the Force that acts 


upon 
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upon it, multiplied by the Time that Force acts. Since they 
BI repreſents the Force in one Caſe, and MN the Force in the 
other; and BG the Time in one Caſe, and MN the Time in the 
other; it follows that the Velocity generated in one Caſe, is as 
BI X BG; and in the other, as MN x MN; or fince BF and 
MN are equal, as the Quantities BI x BG and BF X BF, (or 
BF4) which Quantities by Lemma 8. are equal to each other, 
The Velocity theretore the one Body acquires by deſcending along 
BG, is equal to that which the other acquires by falling through 
MN : But the Lines BM and GN being parallel, 1t is obvious 
there is the ſame Number of BG's in tie Curve AX, as of MN's 
in the perpendicular DX ; the Velocity therefore which a Body 
would acquire by falling through one, is equal to that which it 
would acquire in falling through the other. QE. D. 
Demonſtration of the Propofition. Let AXB (Fig. 5.) be the 


_ Cycloid the Pendulum vibrates in. Then by Lemma 2. com- 


pared with Lemma 7. we have 


1 | The Time a Body would deſcend 
from A to X in, is to the Time 
it would move over the ſame Space 
in with its laſt acquired Velocity, 
as the Semicircumference of a 


By the Coroll. of Lem- Circle is to its Diameter. 
6. f 2 | AX is equal to twice DX. 
By Lemma 9. 3| The Velocity a Body acquires by 


falling from A to X, is equal to 
the Velocity it would acquire by 
From the three laſt falling from D to X. 
compared 4 | The Time a Body would deſcend 
from à to X in, is to the Time it 
would move over twice DX in, 
with the Velocity acquired by a 
Fall from D to X, as the Semi- 
| circumference of a Circle is to its 
By Part I. Chap. 5. Diameter. 
$ 7. 5 | The Time a Body would move over 
twice DX in, with the Velocity 
acquired by falling from D to X, 
is equal to the Time it would fall 
Comparing the 4th and from D to X in. 
5th 6|The Time a Body would deſcend 
from A to X in, is to the Time it 
| would fall from D to X in, as the 
Semicircumference of a Circle 1 
to its Diameter, | 


From 
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PROBLE M. 


7 make a Pendulum vibrate in a 
given Cycloid. 


Solut; Let AX B (Fig. 5.) be the given 
Cycloid; its Baſe AB, its Axis DX, and its 
generating Circle D, as before: Produce 
XD to C, till DC be equal to DX : Through 
C draw the Line EF parallel to AB, and take 
CE and CF, each equal to AD or DB; and 
on the Line CE as a Baſe, and with the gene- 
rating Circle AGE equal to DQX, deſcribe the 
Semicycloid CTA, whoſe Vertex will there- 
fore touch the Baſe of the given Cycloid in A. 
And on the Line CF alſo as a Baſe, deſcribe 


From the Figure 7 | The Time of Deſcent from A to X 

| is half a Vibration, 

From the Solution of 
the following Pro- 
blem it will appear, 
that 8 DX is half the Length of a Pendu- 

lum, which in vibrating ſhall de- 

Comparing the three {cribe the Cycloid AXB. 
laſt Steps | 9 [The Time of half a Vibration is to 

| the Time in which a Body would 
fall freely through half the Length 
| of the Pendulum, as the Semicir- 
cumference of a Circle is to its 
| Doubling the Antece- Diameter. 

dents of the laſtStep io The Time of an whole Vibration is 

to the Time in which a Body 

would fall freely through half the 

Length of the Pendulum, as the 

| Circumference of a Circle is to its 

| Diameter. Q. E. D. 


an 
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an equal Semicycloid CB. On the Point C, 
hang the Pendulum CTP equal in Length tg 
the Line CX: And let the upper Part of the 
String of it, (as CT, in its preſent Situation in 
the Figure) as it vibrates this way and that, 
apply itſelf to the cycloidal Cheeks CA and CB: 
Then will the Ball of it P oſcillate in the given 
Cycloid AXB. Q. E. F. (c). 


CHAP, 


(e) Draw TG and PH, each parallel to the Baſe AB; and 
join the Points AG and DH. Then by the Corollary of 


Lemma 6. 
By the Figure (DC being equal 
to DX) 


Comparing the 1ſt and 2d Steps | 


By Conſtruction 
Comparing the 3d and 4th 
From the 5th Step compared with 
the Figure 
(The String touching the Cycloid 
at T) by Lemma 5. 
By Conſtruction 
*From the two laſt Steps compared, 
GATE is a Parallelogram, 
conſequently 
By Lemma 6. 
Comparing the two laſt Steps 
Comparing the 6th and 11 
From the 12th Step compared 
with the Figure 
Comparing the laſt Step with the 
Figure 


From the laſt compared with the 
Figure 


Comparing the laſt with the Fi- 
Sure p 


16 


AC == 2AE 


SAKE =» TX 

AC ==» CX 

GTP <= C3 

aCT CDF 

AT = 217 

GA is parallel to TK 
GT is parallel to AK 
GA=TK,andGT=AK 
GAS TTA 
TK — 1TA 

26 = 417 

TY — KP 


The parallel Lines GT 
and PH are equally diſ- 
tant from AD 


The Arch GA = the 
Arch DH 


The Chords GA and DH 
are parallel, and GE= 


HX, 
From 


APPENDIX to Part I. 13 


CHAP. II. 


Of the Center of Oſcillation and 


Percuſſion. 


HE Center of Oſcillation is that Point in a 
Pendulum, in which, if the Weight of the 


PZ ſeveral Parts thereof were collected, each Vi- 


bration would be performed in the ſame Time, 
as when thoſe Weights are ſeparate. 

The Point or Center of Suſpenſion, is the 
Point on which the Pendulum hangs. 


A general Rule for finding the Center of 


Oſcillation. 


If foveral Bodies be fixed to an inflexible 
Rod ſuſpended upon a Point, and each Body 


From the 7th and 16th Steps com- | ' 
pared with the Figure 17] KP is parallel to DH. 
And therefore (KD being by Con- | 
ſtruction parallel alſo to PH) 
KDHP is a Parallelogram, con- | 
ſequently 118] KD = PH 
By Lemma 4. [19] GT the Arch AG 
Comparing the gth and 19th 20] AK = the Arch AG 
By the Deſcription of the Semi- 


cycloid CTA 21] AKD = AGE 
From the two laſt compared with 
the Figure 22] KD = GE 


Comparing the 18th and 22d 23] PH = GE 
Comparing the 16th and 23d 24] PH = HX. 

But by Lemma 4. if PH be equal to HX, P is a Point in the 
Cycloid AXB; the Ball of the | EE CTP therefore being 


at that Point, is in the given Cycloid, The Problem therefore 


be 


was rightly ſolved. Q. E. D. 


© _—_— 


— — — — 
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be multiplied by the Square of its Diſtance 
from the Point of Suſpenſion, and then each 
Body be multiplied by its Diſtance from the 
ſame Point; and all the former Products when 
added together, be divided by all the latter 
Products added together, the Quotient which 
ſhall ariſe from thence, will be the Diſtance of 
the Center of Oſcillation of thoſe Bodies from 
the ſaid Point. 

Thus, if CF Fig. 8. be a Rod on which 


are fixed the Bodies A, B, D, Sc. at the ſe- 


veral Points A, B, D, Sc. and if the Body A 
be multiplied by the Square of the Diſtance 
CA, and B be multiplied by the Square of the 
Diſtance CB, and ſo on for the reſt: And then 
if the Body A be multiplied by the Diſtance 
CA, and B be multiplied by the Diſtance CB, 
and ſo on for the reſt; and if the Sum of the 
Products arifing in the former Caſe, be divided 
by the Sum of thoſe which ariſe in the latter, 
the Quotient will give CQ, the Diſtance of the 
Center of Oſcillation of the Bodies A, B, D, 


Sc. from the Point C (d). 


(4) Dem. That the Proceſs may be leſs complicated, let us 
ſuppoſe but two Bodies, as A and F, fixed to the Rod CF; and 
let AI and FL be the Archs which the Bodies A and F deſcribe 
when the Pendulum vibrates, and let the Pendulum be removed 
into the Situation CL. Contiguous to the Line CL draw CR; 
then may the Archs IP and LR be conſidered as Tangents at 
the Points I and L, and thoſe 'T'angents as inclined Planes, down 
which the Bodies I and L are to roll: Theſe Tangents being 
each perpendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeavour to roll down with equal Ve- 
locities ; but this they cannot do, becauſe being fixed to the in- 


flexible 
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flexible Rod, they muſt deſcribe the unequal Archs IP and LR 
in the ſame Time. That is, the Body L will oblige the Body L 
to deſcribe a leſs Arch than it otherwiſe would have done; and 
the Body I will occaſion the Body L to deſcribe a larger Arch 
than it would have done. And the Effects of the Forces by 
which they act thus upon each other, like thoſe of Action and 
Reaction, will be equal. It remains to determine theſe Effects. 

In order to which, parallel to LI draw MN, and let the 
equal Spaces LM and IN be thoſe the Bodies would move over 
in the leaſt Time poſſible, had they been independent of each 
other. And let the Archs LR and IP be thoſe which the Bodies 
joined to the Rod deſcribe in the ſame Time. For the Reaſon 
juſt mentioned, the former of theſe, vi. LR, will be larger, 
and the latter, wiz. IP, will be leſs than LM or IN; and the 
Arch which the Center of Oſcillation deſcribes will be equal to 
LM or IN, becauſe the Center of Oſcillation deſcribes that 
Arch which the Bodies would deſcribe in the ſame Time, if 
they were both together, and neither of them an hindrance or 
furtherance to the other. Conſequently the Center of Oſcilla- 
tion is at V, where the Lines MN and PR croſs. 

Now the Motion which the Body I loſes by being retarded, 
is its Motion over the Arch PN ; and the Motion the other Body 
gains by being accelerated, is its Motion over MR: The Force 
or Moment of the firſt of theſe Motions, is the Product of the 
Body I multiplied by the Space PN ; and the Force or Moment 
of the laſt is the Product of the Body L multiplied by the Space 
MR. Theſe are the Forces, Moments or Actions, which retard 
the one Body, and promote the Motion of the other. But ob- 
ſerve, that theſe Forces or Moments, in as much as they act at 
different Diſtances from the Center C, about which the Bodies 
I and L, when the Pendulum ſwings, do revolve; have each 
their Mechanical Advantage; but the one a greater than the 
other: For inſtance, L has an Advantage which is as LC, its 
Diſtance from the Fulchrum C; and I only the Advantage IC. 
As then in determining the Effect of a Power applied to a Lever, 
we multiply it by its Diſtance from the Fulchrum; fo the above- 
mentioned Forces or Moments (viz. I multiplied by PN and L 
multiplied by MR) muſt be multiplied by their reſpective Diſ- 
tances from C; and then we have I multiplied by PN multi- 
plied by IC, and L multiplied by MR multiplied by LC for the 
Effects, which, as things are circumſtantiated, thoſe Forces or 
Moments have upon the Bodies I and L. But, as obſerved above, 
thoſe Effects are equal, conſequently we have for the firſt Step 


[1] IxPN 
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The Center of Percuſfiton is that Point in : 
Pendulum, or in an inflexible Rod moving 


1][IXPNXIC=Lx MR xLC 
But the Triangles PNY|. 
and MRY are ſimilar, 
conſequently 2 PN: MR:: PV: RY 
Comparing the two laſt 3 [IX PYxXIC=L xXRYXLC 
Or taking the Pendulum 
in the Situation CPR, 
in which I coincides 
with P, and L with R, 
we have 41 PXPYXPC= RxRYxRC 
Or, which is the ſame| 
thing 5 AX AQXT ACS FX FQ FC. 
That is, in Words, if one of the Bodies were multiplied by 
its Diſtance from the Center of Oſcillation, and the Product 
ariſing from thence were multiplied by the Diſtance of the ſame 
Body from the Center of Suſpenſion, this laſt Product would be 
equal to the Product of the other Body multiplied by its Diſtance 
from the Center of Ofcillation, multiplied by its Diſtance fron 
the Center of Suſpenſion. And, ſince the ſame would be true 
if there were more Bodies, if each Body be multiplied by its 
Diſtance from the Center of Oſcillation, and that Product by the 
Diſtance of the ſame Body from the Center of Suſpenſion, all 
the Products relating to the Bodies on one Side the Center of 
Oſcillation taken together, will be equal to all thoſe which re- 
late to the Bodies on the other Side thereof taken together. Let 
then the Diſtances of any Number of Bodies, as A, B, D, F, 
from the Center of Suſpenſion be called a, &, d, f, reſpectiveh, BY 
and the Diſtance of the Center of Oſcillation Q from the Center Bl 
of Suſpenſion C, be called x: And ſuppoſe the Diſtances of tie 
Bodies A, B, D, leſs than the Diſtance CQ, or x; and that of i 
the Body F greater, as in the Figure; then will the Diſtances 
of A, B and D from the Center of Oſcillation be expreſſible by 
x—a, x—b, and x—4; and the Diſtance of F, by f—x; mul. FI 
tiplying then each Body by its Diſtance from one Center, and Fl 
the Product arifing therefrom by the Diſtance of the ſame Bod) 
from the other Center, we ſhall have Aax — Aaa + Bbx —- ll 
Bob + DM Dad = F/f — F/x, which reduced gives x = Bl 
Aaa + ee 5 5 
IEA Di EER Which latter Equation is the Senk | 
of the Rule above laid down. 
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round a Point, with which, if the Pendulum 
or Rod ſtrikes againſt an Obſtacle, no Jar or 
Shock at the Point of Suſpenſion ſhall be oc- 
caſioned thereby. 

Thus, let CF (Fig. 8.) be an inflexible Rod, 
having the Bodies A, B, D, Sc. fixed in it 
at the Points A, B, D, Cc. and let O be an 
Obſtacle againſt which, as it vibrates or ſwings 
round the Point of Suſpenſion C, it may 
ſtrike againſt: then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ſtrikes againſt O, (as the Point Q 
ſuppoſe) is called the Center of Percuſſion. 


PROPOSITION. 


The Center of Percuſſion is the ſame with 
the Center of Oſcillation ; and conſequently 


may be determined by the ſame Rule (e). 
PROB3. 


(e) Dem. From the Definition of the Center of Percuſſion 
above laid down, it appears, that the Forces with which the 
Bodies A, B and D, which would paſs above O, move; maſt 
be a Counterbalance to the Force of the Body F, which would 
paſs below it: and that the Force of F muſt be a Counterbalance 
to them. But the Forces wherewith thoſe Bodies move, are as 
their Maſſes multiplied by their Diſtances from C, their Velo- 
Cities being as theſe Diſtances. Farther, when the Point Q 
comes to O, and is ſtopt there, the Bodies A, B and D, en- 
deavouring to go on, ſway or bear againſt F, and F againſt 
them; juſt as if they were fixed to a Lever, as AF, having its 
Fulchrum at Q. Conſequently the Forces of the former Bodies, 
ſo far as they act againſt the latter, are as their Diſtances from 


the 


the Point Qi and the Force of = latter, ſo far as it acts againſt 
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PROBLEM. 


Let it be required to find the Center of 
Oſcillation, or Percuſſion of an inflexible Rod 
AB (Fig. 9. as a Bar of Iron, or the like) 
every where of equal Size, and vibrating in, 


or revolving round the Point A, as a Center of 
Suſpenſion (V. 


the former, is as its Diſtance alſo from Q: the abovementioned 
Forces muſt: therefore be multiplied by the Diſtances of the 
Bodies from Q: but the former of them, as obſerved above, ba- 
lances the latter; and the latter them. So many therefore of the 
laſt Products as relate to the Bodies above Q taken together, muſt 
be equal to that which relates to the Body (or Bodies) below it. 
But the like I'roduCtts were equal to each other, when the Point 
Q was looked upon as the Center of Oſcillation (as in the 5th 
Step of the foregoing Proceſs) conſequently the Center of Per- 
cuſſion is the ſame with that of Oſcillation. QE D. 

{F)) Selut. Imagine the Rod to be divided into the leaſt poſ- 
ſible Parts B, C. D. Sc. each of which call One. Theſe Parts 
we may conſider as ſo many Bodies contiguous to one another; 
fo that the Center of Oſcillation or Percuſſion of theſe Bodies 
will be the Center of Oſcillation or Percuſſion of the whole Rod. 
To find this, we are by the Rule above laid down in the Text, 
to multiply each of theſe Bodies by the Square of its Diſtance 
from A. The brit of theſe Products then will be B (or One) 
multiplied by AB ſquared ; but one multiplied by AB ſquared, 
is the ſame with AB ſquared ; now AB ſquared is a ſquare Are 
or Surface, one of whoſe Sides is AB. In like manner the 
Body C, when multiplied by the Square of its Diſtance from A, 
is a >quare Area, one of whole Sides is AC, ſomewhat leſs than 
the former. Imagine this Area laid upon the former ; and the 
next, which will be leſs ſtill, laid upon that; and ſo on till you 
come to the leaſt of all. Theſe will make a Pyramid, whoſe 
Baſe is the firſt Area, and its perpendicular Height will be 
equal to the Thickneſs of them all together; which Thicknels 
will be as the Length of the Line BA. The Value or — 

Cont 
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Content of this Pyramid will be ABA (wiz. its Baſe) multiplied 
by a third Part of AB (its perpendicular Height). In the next 
Place we are to multiply each of thoſe Bodies by its Diſtance 
from A: Now the Body B (or One) multiplied by AB, give a 
Line, as AB; ſo the Product of C, multiplied by its Diſtance 
AC, give a Line, as AC; theſe Lines heaped one upon another 
(as the Areas were before) will make a Triangle, whoſe Baſe 
will be AB, and its perpendicular Height alſo AB; the Value, 
or Area of which, will be AB multiplied by z AB. In the laſt 
Place, by the Rule, we are to divide the Sum of the Products in 
the firſt Caſe, by the Sum of the Products in the latter; that is, 
the Content of the Pyramid by the Area of the Triangle; that 


+ AB 
is, AB! x * AB, by AB x 2 AB, which gives — ; that is, 


2 AB, or two Thirds of AB: ſo that the Diſtance of the Center 
of Oſcillation or Percuſſion, (as E ſuppoſe) from A the Center 


of Suſpenſion, muſt be equal to two Thirds of AB, the whole 
Length of the Rod. Q. E. I. 


n 


3*«„% ——ÿ OS 2 
3 4 — 3 — ä W 


„ XLxS 
«235.40 
27 


Acura 


. 


———— . ]§⏑— ee me 
. 8 


= 


. >» *; nu I _ 


—_— 
— 
2 


4H 


TEERLEYQ % TT oO” OA a 
— — — — 2 


2 * — 


— 
2 EE a — — 


— JW 


„ 
— — 


— — — 


VVV EE Ss 


— 


* 
. 


chene 2 Pare E gk Plate I 


E 


* 


- 


Q * 
* * 344 2 
* 


S ** 


A 


2 - „ 
3 een 


„ „ 


; A 
TcoMPENDIOUS SYSTEM 


3 O F 
Natural Philoſophy: 
3 wich N O T R 8 
Containing the 
MATHEMATICAL DEMONSTRATIONS, 


AND 
Some Occaſional REMARKS. 


" . * 
— a „ 


P AMT 1k 
HyDpRosTATICKs and PNEUMATICKS. 


To which are annexed ſome Dris$ERTATIONS re- 
lating to theſe Subjects. 


k = - _ . . 2 * 2 p ah ,t # 4 PS — n Fo, - KY 12 5 — + * * 


The STIXTAH ED1TION. 


By J. ROWNING, M. A. 
Rector of Ax DER EBT in LIxcolxSsHIRE, and late 
Fellow of MAG DALEN CoLEOGE in CAMBRIDGE. 


" "04" 0 7 rl. 5 * * * 8 * 1 


—— 8 * — 


. 


Printed for Joan RIVIxN TON, at the Bible and Crown in 
St. Paul's Church. ard; JAMES RiviNGToON and JAMES 
FLETCHER, at the Oxford Theatre in Pater-Nofter- Row z 
and STANLEY CROWDER, at the Looking-Glaſs neat 

London-Bridge. 1759. 15 

[Price One Shilling and Six Pence.] 


1 3 
* 3. * 8 mn 
» 7 * — ͤ — 


SE 9 —— - mY - = 


: 

: 
: 
: 
: 


= 
5 


Gaal 


A 


COMPENDIOUS SYSTEM 


O F 


Natural Philoſophy. | 


to. _—_— 


* * 
— KK 3 


„— — 
2 


PART A. ks 
SSYDRALOSTATIONS 


—— QQ ntnent Ct LEY 
—_— — — 
* — — c — —— — 


CHAP. I. 
\ Of the Phenomena which ariſe from 


the mutual Action of the Particles 
of Fluids upon one another. 


Z T: the former Part of this Eſſay, I have 


laid down and explained the general 
Laws of Nature, and from thence de- 
duced thoſe Phænomena, which are in a ſtrict 
and proper Senſe * denominated Mechanical: 
| I pro- 


In a larger Senſe, all the Effects and Operations of natural 
Bodies upon one another may be called Mechanical; as being 
all ſubje& to the general Laws of Motion. In Hydroftaties 
Fluids are governed by the Laws of Mechaniim, as much as 
the Mechanical Powers themſelves are; the ſame holds ** the 
A ays 


| 
\ 


ids; thoſe which flow or ſpread themſelves till their Surfaces 


4 The Action of Fluids Part], MY 
I proceed now to an Explanation of ſuch, 2 
Philoſophers have comprehended under the 
Name of Hydro/tatics ; the Intention of which 
is to explain the Nature of Fluids, and the 
Manner wherein they act upon one another, © 
and upon Solids. | 

II. The Nature of a Fluid“, as diſtinguiſh. 
ed from that of a Solid, or hard Body, confi: 
in this, vig. that its Particles are fo looſe 
connected together, that they readily moe 
our of their Places, when preffed with the 
leaſt Force one Way more than another . 
From whence Philoſophers conclude, tha 
| n | they 


-* &Q 
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Rays of Light, as will be ſeen when we come to Optics ; and 
in the larger Bodies of the Planetary Syſtem, Mechaniſm equal. 
ly prevails, as has been demonſtrated by Sir J/aac Newt; 
which we ſhall endeavour to make out when we treat of the 
Phyſical Cauſe of the Motion of the Heavenly Bodies. 


„Some Philoſophers make the following DiflinQion in Fl. 


become level or horizontal, they call Liguid; in Contradiflinc- 
tion to, Flame, Smoak, Vapour, &:. which are alſo Fluids, but 
do not acquire ſuch a Surface. Thoſe, which are capable ci 
exciing in us the Idea of Moiſtneſs, as Water, Qc. they call 

amid, diſtinguiſhing them thereb from Air, Quickſilver, and 
melted Metals. Bat thoſe Diſlinctions are quite unneceſſary in 
a Philoſophical Senſe; the Surfaces of all Fluids being level, 
when not prevented by the Bodies about them; and Humidity 
is only a relative Quality; for tho' Quickfilyer will not moiſten, 
or ſtick to a Man's Hand, it will to Silver or Gold. 
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The common Definition, Fludum eſi cujus partes impreſſion 
cuicungue . ceduut, & cedendo faci llims maventur inter ſe, though 
it expreſſes very well the Nature of a campraſſible Fluid, as All, 
yet does not correſpond to that of Water, whofe Parts have 
been found to yield to no Force, with which they bave been 

comprelled, 
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n 


move with leſs Fre 


Chap. 5 among themſelves, L 
they are exceedingly minute, ſmooth, and 
round *; it being otherwiſe impoſſible they 

e e ee 
compreſſed, unleſs it was Wenter on dne Side than * the other. 


The Definition therefore ſeems imperfect, as not expreſſing that 
Inequality of Preſſure, which is requiſite to move the Parts of 


| ſome Fluids one among another. 


. | rcon he 

* It is commonly obſerved that the Roundneſs of the Parti- 
cles conduces very much to Fluidity, not only as it diſpoſes them 
to move one among another with greater Facility, but becauſe 
round Bodies touching one another in few Points only, the 


| Force with which they mutually attract each other, is the weaker, 


But, upon this Suppoſition, the Particles of a Fluid ought to 

jt pr one among another, by how much the 
greater the Weight is, with which they are compreſſed (for it 
is the ſame Thing in this Reſpect, whether they preſs againſt each 
other by Virtue of their own Attraction, or by ſome external 


Force) but of this we have no Experience. A Diver, upon 
plunging out of his Bell at the Bottom of the Sea, never finds 


the Water leſs fluid, notwithſtanding the great Preflure from 
above. Mr. Boyle having cauſed a Tadpote to be put into a 
Veſſel of Water, and to be preſſed with a very great Force, tells 
us, that in Appearance it found no Inconvenience from thenee, 
but ſwam about with the ſame Freedom and Briſkneſs as ever. 
Quere, Whether the Particles of which Fluids conſiſt, are in 


Contact with each other, or not? Perhaps, they are prevented 


from approaching, nearer than to a certain Diſtance, by a re- 
pelling Power, diffufed around each ſingle Particle. The Ob- 
ſervation, that Water is not render'd leſs fluid by Preſſure, ſeems 
to favour this Opinion ; and the Property, which the Air has of 
expanding or contracting itſelf, according to the Weight which 
it ſuſtains (as thall be ſhewn, Chap. 3.) proves beyond Contra- 
dition, that its Particles are endued with ſuch a Power- But 
then if the Particles of all Fluids have this Power, it will follow 
that they ought to be in ſome Meaſure capable of being reduced 
into leſs Space by Preſſure, as Air is; which they have not as 
yet been ſhewn to be. Further, ſince it has been proved (Part 
I. Chap. 3.) that if the Parts of Fluids are placed juſt beyond 
their natural Diſtances from each other, they will approach and 
run together, and if placed farther aſunder till, will repel each 
other ; it follows, upen the foregoing Suppoſition, that each 


A 2 Particle 


| 
| 


Which now lie 
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ſhould move with ſuch Freedom one among 
another, upon the leaſt Inequality of Preſſure. 


III. Thoſe Particles, conſidered ſeparately 


are endued with all the common Properties | 
of Matter, and ſubje& to the fame Laws f Mi 


Motion ; ; 


Particle of a Fluid muſt be ſurrounded with three Spheres cf - 
Attraction and Repulſion one within another: the innermoſt of i 


which is a Sphere of Repulſion, which keeps them from i;. 


proaching into Contact; the next, a Sphere of Attraction dif. ; 
fuſed around this of Repulſion, and beginning where this end, 


by which the Particles are diſpoſed to run together into Drop; 


the outermoſt of all, a Sphere of Repulſion, whereby they repel | | 


each other, when removed out of that Attraction. 


Now, if this Hypotheſis ſhould be found to be true; and we 
might, agreeably to the above-mentioned Conſequence of i, 
ſuppoſe, that the Particles of all Bodies attract and repel ex 
other alternately at different Diſtances, perhaps we might e 
able to ſolve a great many Phænomena relating to ſmall Bodies, 

— the Reach of our Philoſophy. Howere, 
upon the Suppoſition of the three Spheres of Attraction and Re- 
pation juſt mentioned, nothing is more eaſy, than to ſee hov 
. Solids may be converted into Fluids, and Fluids into Solids ( Þ 


is done in Liquefaction and Freezing ;) for allowing, that the 


firſt, or innermoſt Sphere of Repulſiou is capable, like that d 
the Particles of Air, of being augmented by Heat, and dim 
niſhed or totally ſuſpended by Cold, it follows, that Bodies mil 
be more or leſs fluid, in Proportion to the Degree in whit 
they are affected by Heat or Cold: for when the Action of ti: 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold, ti: 
Particles of the Fluid muſt neceſſarily be brought into clot Wl 
Contact with each other by the Force of the circumambien 
Attraction, and by that means conſtitute an harder Body that 
before. But, we mult not dwell too much upon an Hypothels % 
which wants Proof; I ſhall only add, that altho' ſome Fluid, BW 


as Water, have not been as yet contracted in their Dimenſiom, 


or made to take up leſs Space than they naturally do, by a Wa 
Force with which they have been compreſſed by Art; yet ther Bi 
are none but are naturally contracted by Cold; from whence 
 ſeeras reaſonable to infer, that their Particles are at leaſt caa 
of being brought into cloſer Contact, which is ſome Contun- Wh 
- ation of this Doctrine. | 
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Motion and Gravitation with larger Bodies. To 


WT enquire therefore into the Nature of Fluids, is 
co conſider, what Appearances: a Collection of 


very ſmall round Bodies, ſubject to thoſe Laws, 


Vill exhibit under different Circumſtances, , In 


order to which, it is uſual with Hydroſtatical 


BE Writers to confider a Fluid, as divided into ſe- 


veral perpendicular Columns contiguous to each 


= other. Sometimes it is convenient to conceive 
it divided into thin Plates or Strata lying upon 
one another. In ſome Caſes, the ſame Fluid 


is conſidered, as diſtinguiſhed both theſe Ways, 


v. into perpendicular Columns, and alſo into 


chin Strata or Plates. Figure 1. repreſents a 


Veſſel filled with a Fluid to the Height EF, 


and divided into the Columns G H, IK, LM, 


Ge. and alſo into the Strata RS, TV, XY, 


IV. From this Obſervation, concerning the 


5 Properties of the Particles conſidered ſeparate- 


3 ly, immediately reſults the following Propo- 


ſition, diz. that in a Veſſel, whoſe Form is 
ſuch as repreſented by AB CD, (Fig. 1.) the 


| Quantity of Preſſure, which each Stratum ſuſ- 
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tains from the Weight of the incumbent 
Fluid, is in Proportion to the Number of thoſe 


It is an obvious Objection to this, that Water by freezing is 
augmented in its Bulk; but this may be owing to thoſe Bubbles 
or Vacuities, obſervable in the Water after it is frozen, which 
were not in it before; and not to any general and uniform Re- 
moval of the Particles of the Fluid from each other, which the 


Objection, if it is of any Force againſt what has been advanced, 
mult ſuppoſe, 


A 3 Strata, 
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Strata, which reſt upon it, that is, as the Height | 
of the Surface of the Fluid above it; 5 if 
we ſuppoſe the Strata of equal T hickneſs, the 
Quantity ſuſtained is proportionable to the 


Number of Strata of which it conſiſts. 


V. When the Surface of a Fluid is horizon, 


tal or level, each Particle thereof is diſpoſed to 


continue in its Place, being ſuſtained therein by 


the contiguous ones. 


Let the Fluid be ſuppoſed to be divided | 8 


into Strata, each of the Thickneſs of a Parti. 


ele of the Fluid; and if the Truth of ths 1 
Propoſition be denied, let the Particle be 
one of thoſe. which is not ſuſtained in is 
Place by the contiguous ones, but is moving 
from thence towards ſome other Part of the 
Veſſel, v. g. towards D. Now, fince all the 


ether Particles of that Stratum are at an equal 


Depth below the Surface of the Fluid with F 
this, they alſo ſuſtain an equal Degree of Preſ. 7 
ſure (by the laſt Propoſition,) conſequently for BY 
the ſame Reaſon that one of them is moving 
towards D, the reſt may all be faid to be 
moving in the fame Direction: but this can- | 
not be true of the whole Stratum, while the 
Veſſel is entire, and therefore of none of its 
Parts. Now, the like Reaſoning will hold I 
againſt the Motion of the Particle n towards I 
any other Part of the Veſſel; from whence it 
follows, that each Particle of the Fluid s 
ſuſtained in its Place by the contiguous ones. 


5 and 
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9 
and therefore diſpoſed to continue at Reſt “ · 

VI. From hence is derived a fundamental 
Propoſition in Hydroſtatics, viz. That When 
the Surface of a Fluid is level, whatever Preſ- 
ſure any ſingle Particles or ſmall Portion of it 
ſuſtains from the contiguous ones on one 
Part, it ſuſtains the ſame on all the reſt ; that 
is, it is preſſed by them with an equal Degree 
of Force on all SidesF. 


For, by the Definition of the Fluid ($. 2.) 


each Particle is diſpoſed to give Way, and move 


out of its Place, when the Preſſure is not equal 


on all Sides; and (F. 5.) each Particle is preſſed 


by the contiguous ones in ſuch a Manner, that 
it is ſuſtained in its Place thereby ; it is there 


fore preſſed with an equal Degree of Force on 


all Sides. | „V 
Corol. From hence it follows, that each 
Particle or ſmall Portion of a Fluid preſſes 
with the ſame Degree of Force in all Direc- 
tions on thoſe which are contiguous to it. 


For, by the third Law of Nature, every Par- 


* This ſhews us the Abſurdity of ſome Philoſophers, 13 


make the Nature of a Fluid, as contradiſtinguiſhed from that 


of a Solid, to conſiſt ſolely in the inteſtine Motion of its Particles. 


+ This Propoſition, with its Corollary, is not ſtrictly ſpeaking 
true, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 
poſed void of Gravity, for it preſſes downwards with a Force 
equal to the Weight of thoſe Particles which reft upon it, ad- 
ded to its own; whereas the Force with which it preſſes up- 
wards is only equal to the Weight it ſuſtains, viz. that of the 
incumbent Fluid. But the Particles of Fluids are ſo exceedingly 
minute, and the Gravity of each ſo very ſmall, that the Error 
ailing from hence is inſenſible. 
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10 The Aclion of Fluids Part II. 
tele preſſes upon the contiguous ones with the | 
ſame Degree of eli with nn it is preſſed 
von, by then. 

VII. The 2 of a Fluid Candi level | 
by: its own Gravity, when no external Foce 
prevents it being ſo. | 

For, the: Particles of Fluids preſs in all Di- 
reQiqns, with Forces proportionable to the 


Height of their Surfaces (Cor. $.6. and 5. 4.) 3 
If then the Surface be not level, the different 


Parts of the ſame inferior Stratum will be pref. | 
ſed not only downwards, but ſideways againſt 

each other with unequal Forces; the greater 
Preſſure therefore overcoming the weaker, the | 
Particles which ſuſtain the leaſt Preſſure, will 
be driven out of their Places and raiſed up, til] 
the Surface becomes level; the Surface being 4 
level, each Particle will be equally preſſed in 


every. Direction, (F. 8.) all therefore will re- 
main at Reſt, and the Surface cantinue in that PR 


Qtate F, 
| VIII. 


This. Demonſtration, and alſo both the foregoing, are 
founded upon a Suppoſition, that Bodies, tend downwards by 
their Gravity in Lines parallel to each other, which though 
phy/ically, true, is not ſtrictly ſo, their Tendency being towards 
che Center of the Earth, and conſequently in Lines which meet 
in a Point: and therefore, if we would be accurate, the Fluid 
contained in a Veſſel ſhould be conſidered, as divided into Co- 
lumns and Strata, as repreſented Figure the ſecond, where ABD 
is the Earth, C its Center, EFGH a Fluid contained in a Vel- 
{cl, and divided. into. Columns; which if continued down to 
the Center of the Earth, would there terminate in a Point C; 
and into the concentrie Strata, ab, cd, &e. having the Center 
et the Earth for the Center of their Convexity. And 1 * by » 3 
©; <b> 3 01 
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VIII. Fluids gravitate in F luids of the ſame 
Kind. | | f 431,29 4 
This Propoſition is a neceſſary Conſequence 
of what has been obſerved about the Nature 
of the Particles of which Fluids confiſt, vi. 
that they are ſolid, and endued with the ſame 
Properties with other Bodies. The Reaſon 
why their Gravity is not ſenſible in the Fluid, 
is becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. But, it 
does not follow from thence, that the Gravity 
of the uppermoſt is entirely taken away, as 
ſome * Philoſophers have imagined ; for, as 


ſhould find that the Particles of the Fluid will not be in Zqui- 
librio with each other, till all the Parts of its Surface are, at 
equal Diſtances from the Center of the Earth, forming thereby 
the Surface E E, concentric to that of the Earth. For, fap- 
poſing the Fluid EFG H continued down to C, fo as to fill the 
Space ECF; it is evident the Columns, into which the Fluid is 
divided, cannot be of equal Lengths, and therefore cannot be of 
an exact Counterpoiſe to each other, unleſs the Surface E E is a 
Portion of a Sphere, whoſe Center is C: but the Action of the 
Parts of the Fluid upon each other at the Surface, is the ſame, 
whether the lower Part GCH be a Fluid, or not. Conſequently 
the Surfaces of Fluids are not level or plain, but convex, having 
the Center of the Earth for the Center of their Convexity. 

This Convexity, by Reaſon of the great Diſtance of the 
Earth's Center, approaches ſo near to a Plane, that ir mall 
Portions of it, the Difference is not ſenſible, and therefc: cm: 
be neglected: but at Sea, tis evident to Senſe; for when the 
Mariners put to Sea, the Shore firſt diſappears, then the lower 
Buildings, afterwards the Towers, Mountains, Sc. in like 
Manner, when they approach a diſtant Ship, the Top of its 
Maſt and Sails appear firſt, while the Ship itſelf is intercepted 
from their View, by the Convexity of the Water between them, 

* This was the Notion of the Carteſſans, wha held, that 

when a Fluid is mixed with another of the ſame Kind, it loſes 
its own Wight thereby. 


much 
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much as the lower Parts preſs againſt the upper | 
in ſuſtaining them; juſt ſo much do the u A 
by their Re- action preſs upon the lower. Thus, 


the Weight of the whole Fluid is communi- 5 y 


cated to the Veſſel, which therefore weighs 


according to the Quantity it contains, notwith. 


ſtanding the Preſſure: of each Portion of the 
Fluid, taken ſeparately, ſeems not to affe&t it. 
EN. The Preſſure of a Fluid is in Proportion 
to its perpendicular Height, and the Quantity of FR 
Surface againſt which it preftes. - 4 
'This Propoſition admits of four Caſes. | 
1. When the Fluid is contained in a Veſlel | 


of the ſame Dimenſions, from Top to Bottom, 4 


and held in an erect Poſition, as that repreſented 
Fig. 1. it is evident, the Preſſure of the Fluid 


upon the Bottom will be in Proportion to its | 
Magnitude, and the perpendicular Height of 


the Surface of the Fluid above it. For, con- ; 
ceiving it divided into Columns, the Preſſure 


upon the Bottom, by the fourth Propoſition, el 


will be as the Length or Height of the Co- 


lumns: and it will alſo be as the Number ff 
them, becauſe the Quantity of Fluid, which 


preſſes upon the Bottom, is in that Proportion, 


that is, as the Magnitude of the Bottom preſſed | 
upon. But when the Veſſel is inclined or - RY 


regular, the Truth of this Propoſition is ſo far 
from being evident, that it has been commonly 
looked upon as a Paradox, 28 
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2. Let the Veſſel ABCD (Fig. 3.) be filled 
with a Fluid to the Height EF, and held in 
an inclined Poſition, as there repreſented; I 
gay, the Preſſure of the Fluid is proportionable 
to the Magnitude of the Baſe CD, and FG 
or HD the perpendicular Height of the Sur- 
face of the Fluid above it. 

For ſuppoſing the Fluid divided into the 
Strata EI, KM, LO, Sc. ſo far, as the firſt 
Stratum EI is prevented from preſſing upon 
K I the Surface of the next inferior Stratum, 
by being in ſome Meaſure ſupported by the 
Side of the Veſſel FI, fo far is its Preſſure aug- 
mented by the Re-action of the oppoſite Side 
EK upon it, which is exactly equal to the 
Action of the former, becauſe the Fluid preſſ- 
ing every Way alike, at the ſame Deptlis be- 
low the Surface, exerts an equal Force againſt 
both theſe Sides. The Surface therefore of 
the ſecond Stratum is preſſed with the ſame 


| ; Degree of Force with which it would be, 
if the Quantity of Fluid contained in the for- 
mer Stratum was included within the Space 


HK QI, which is exactly equal to it, as having 
the ſame Baſe K I, and the ſame perpendicular 
Height QI*, Now, this being true of each 
Stratum, their Preſſure upon C D the Baſe of 
the Veſſel is the fame, as if they were all 
placed perpendicularly over it, and filled the 


, | ; | SPACE RHCD; which they would do, fince 


aq Ar. 


the 
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ſtrate chis Propoſition with the Generality of Authors from the 


the Sum of their perpendicular Height QI, Ks, 
LT and NV are equal to HD the perpendicy. 
lar Height of this Space, and each ot their Ba. 
tes KI, LM, Sc. is equal to CD its Baſe 7. 
But, by the foregoing Caſe, if the Space 
RHCD was filled with a Fluid, the Preſſure 
of it would be proportionable to the Dimen- 
ſions of the Baſe CD, and the perpendicular 
Height D H, therefore it is the ſame in the in- 
clined Tube ABCD I. 3/1 

3. Let the Veſſel ABC. be irrcgular, as 
repreſented Figure the fourth, and filled with 


Fluid to the Height D, I tay, the Preſſure 


of the Fluid upon the Baſe C, is proportion- 
able to the Magnitude of the Baſe, and CD 


the perpendicular Height of the Surface of the 


Fluid above. 


I 


erhaps it may be thought more Geometrical, to demon: 


Property of the inclined Plane. They conſider A D the lower 
Side of the Tube, as an inclined Plane, on which the Fluid 
contained within it reſts, and argue that it loſes thereby a Patt 
of its Weight in Proportion to the Length of the Plane, and 
therefore occaſions no greater Preiſure upon the Baſe, than iſ 
the Veſſel was held erect, and filled only to the ſame perpen- 
dicular Height, as when inclined. But this Demonſtration 
proves too much; for by this Way of Reaſoning, one might 
thew, that the Preſſure of the Fluid EFCD upon the Baſe CD 
is leſs than the Preſſure of RHC D a Column of the ſame Fluid 
having the ſame Baſe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Column contain 
the ſame Quantity of Fluid, upon Account of the Equality of 
their Baſes, and perpendicular Heights ; but that reſts upon an 
inclined Plane, which this does not, and therefore preſſes lels 
upon the Baſe. But this is contrary both to Demonſtration and 


Experience, the Argument therefore proves too much. 
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In order that the Proof of this Propoſition 
may be the better underſtood, we muſt pre- 
miſe the following Lemma, viz. ' 
That when a Fluid paſſes through a Pipe, 
as AB, (Fig. 5.) which in ſome Parts is larger 
than in others, the Moment, or Force with 
which it moves, is every where the ſame. For 
while the Fluid is paſſing through the Tube, 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter; for Inſtance, it will 
be as much greater at C, than it is at D, as 
the Quantity paſſing through C at any Inſtant 
of Time, is leſs than at D, and ſo of the reſt 
becauſe a leſs Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 
ſame Time, unleſs it ſhould move faſter there 
in Proportion to the Smallneſs of them. Nov 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity ; (as explained Part I. Chap. 9. F. 1.) 
conſequently what the Fluid, which is actually 
paſſing through the narrower Parts of the 
Tube, wants in Quantity, is compenſated by 
its Velocity in thoſe Parts, and what it wants 
in Point of Velocity in the other Parts, is 
made up by the Quantity pafling through 
them; fo that the Moment is the fame in every 
Part of the Tube, whether larger or narrower *. 


The ſame is true, whatever be the Poſition the 
Tube is held in. Let 


* Thus, we may obſerve in a River or Canal, that by how 
muck the Breadth or Depth is leſs in any Part, ſo much the 


more 
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Let us now conceive the Fluid in the 
Veſſel ABC (Fig. 4.) to be diſtinguiſhed in. 
to the Strata EF, GH, IK, Sc. Let us alſo 
imagine the Bottom of the Veſſel C to he 
moveable, that is, capable of ſliding up and 
down the narrow Part of the Veſſel, v. g. 
from C to G H, (without letting any of the 
Fluid run out.) Let it further be ſuppoſed 
that this moveable Bottom, is drawn up or let 
down with a given Velocity, while the Veſ. 
fe] itſelf is fixed and immoveable ; it is evi- 
dent the lowermoſt Stratum, which is conti- 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity, and the Quantity of Matter it con- 
tains: But by the Lemma, all the reſt of the 
Strata will have the ſame Moment, conſe- 
quently the Moment of all taken together, 
(that is, of the whole Fluid,) is the ſame, as 
if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 
been as great as that of the lowermoſt;) the 
Preſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
Strata, that is, the perpendicular Height of the 


more rapid is the Stream in that Part; and on the contrary, 
where it is wider and deeper, the Motion of the Water is more 
gentle and languid. So that the Moment, with which it flows, 
is the ſame in every Part, 1 

| Fluid, 
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W Fluid, and the Magnitude of the lowermoſt 
Stratum, that is, the Bottom. 

Again, ſuppoſe the Veſſel ABC (Fig. 6.) 
fil'd with a Fluid to D; I fay the Preſſure up- 
on the Bottom BC, is proportionable to the 
Dimenſions of the Bottom, and to DE the 
perpendicular Height of the Fluid. 

For, if we ſuppoſe the Bottom moveable, 
as before; and raiſed up or let down with a 

iven Velocity, the Moment of every Stratum 
will be the ſame with that of the lowermoſt, 
by the Lemma; therefore the Moment of all 
taken together, is the ſame, as if the Veſſel 
had been no leſs in any one Part, than it is at 
the Bottom ; conſequently the Preſſure is pro- 
portionable to the perpendicular Height, and 
the Magnitude of the Bottom. This Caſe is 
the Converſe of the former “. 


From 


Upon this is founded the Practice of conveying Water 
through Pipes from Place to Place, c. For from hence it 
follows, that if one End of a Pipe is laid in a Reſervoir of Wa- 
ter, the Fluid will run into the Pipe, till it riſes to a Level at 
the other End with its Surface in the Reſervoir. Thus let 
ABC (Fig. 8.) repreſent a Reſervoir or Baſon of Water, DGE 
a Pipe laid from thence to E. If E the End of the Pipe is pla- 
ced above the Line ABF, the Level of the Water in the Reſer- 
voir, the Water will run into the Pipe, till it riſes in the 
other End to F the Level with AB; at which Time the Water 


in the Pipe will be in Zquilibrio with that in the Reſervoir, 


and remain at Reſt, But if the End of the Pipe is below the 


= Surface of the Water in the Reſervoir, it will continue id run 


out, till they are reduced to a Level. For, let G H be the low-* 


3 2 eſt Part of the Pipe, then fince F the perpendicular Height of 
e Fluid on one Side, is equal to B the perpendicular Height 


of the Fluid on the other, and G H, which (being the Place 
| where 


| 
1 
! 


| 
| 
| 


and therefore the Fluid will continue to ran out. 
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From hence it follows, that, if a Veſſel; 
made of ſuch a Form, as is repreſented (Eig. 7 
by ABC DEF, and filled with a Fluid u 

the Height C, the Weight which the Bottom 
ſuſtains, is as great as it would be, had the Ve. 
ſet been IK F G (which is every where of tie 
fame Dimenſions, that the other is of at th: 
Bottom) and filled to the Top IK. Becaus 
the Preſſure, by the Propoſition, is proportion 
able to the Bottom and perpendicular Height, | 
which in both Caſes are the ſame *. FA 


o 
: 1 
rH 
» 4 l , 
! * 


where the Fluids preſs one againſt another) may be conſder! MY 

as a Baſe to both, is common; it follows from this Propoſition, RR 
that the Preſſures on each Side are exactly equal; and there 
being in contrary Directions will neceſſarily deſtroy each other, 
and the Fluid will remain in Æquilibrio. But while the EA 
E is below the Level, this Equilibrium cannot be obtained; 


For the ſame Reaſon, when two & more Tubes communicate Þ 
with each other, the Surface of the Fluid they contain will ſtand BY 
at the ſame Level in all. Bare NS" 0" Ae 2 

* The Reaſon why the Veſſel ABC DEFG, within the Fd 
contained in it, does not weigh ſo much, as the Veſſel IK FC, 
when full to the ſame Height, notwithſtanding the Preſſure uy BY 
on the Bottom is the ſame in both, is, ms ABDE the uy x 
per Part, or Cover of the former Veſſel, is preſſed . > 
the. Fluid below it, with a Force equal to the Endeavour the 
Fluid in the ſmall Tube BCD has to deſcend. Which Endea RR 
vour is the ſame that it would be, if the Tube BC D compre BY 
hended alſo the two Spaces ICBA and CK E D, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Cover! 
therefore is preſſed upwards with a Force equal to the Weight 
of as much Fluid as would fill the two Spaces IC B A aud th 
CKED; conſequently the Veſſel, whoſe Form is ABCDEFG, BW r 
is ſo much lighter than the other, that is, as much as the Flud BY 
it contains is leſs. TV 
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KX. The Velocity, with which à Fluid ſpouts 
out at an Hole in the Bottom of a Veſſel, is“ 
W-qual to that, which a Body would acquire by 

Walling freely from the Level of the Surface of 
he Fluid tothe Hole. 
Let there be a large cylindrical Tube 
84 BCD (Fig. o.) in the upper Part of Which 
Maet us imagine a Cylinder of Ice FG HI ex- 
aaly fitting it; let it further be ſuppoſed, that 
ul, che lower Surface of the Ice, is continually: 
melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 
Neeſſarily be ſuch, as is repreſented in the Fi- 
are by HLI; for the Water falling freely 
vill deſcend faſter and faſter like other Bodies, 
cauſing thereby the Stream to become nar- 
grower and narrower. Now, let it be ſuppo- 
fed, that the Tube has a Bottom, as CD, with 
an Hole in it at K, juſt ſufficient to let the 
tram paſs freely; it is evident, there will be 
no Obſtruction on this Account, but that the 


From hence ariſes this Paradox, that the leaſt Quantity 'of 
-"j 7; may be made to raiſe any Weight how great ſoever it 
e. | 

For ſince the Cover AB D E is preſſed upwards with a Force 
equal to the Weight of as much Fluid, as would fill the two 
Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
Nat Fleaſure in Height, by lengthening the Tube BCD (which 
al the ſame Time muſt be made proportionably ſmaller, other- 
_ : tte ſame Quantity of Fluid will not fill it;) it follows, 
_ tt the ſame Quantity of Fluid may be made to prefs the Co- 
oer upwards with a given Force; if that Cover then is made 
We moveable, any Weight that is laid upon it may be ſupported 
eee 1, 454478 


: ; thereby, 
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Fluid will paſs through the Hole with ſuch ve. | 


locity, as it naturally acquires by falling fron 


HI, the lower Surface of the Ice. And if wy. 
ſuppoſe M and N, the empty Parts of the 
Tube, to be filled with Water, the Water wil 
preſs equally upon the Sides of the Stream in 
every Direction (F. 6.) and therefore will bew 
Impediment to its Motion on that Account, Þ 

Laſtly, let us ſuppoſe the Ice taken away, ad 
the Stream ſupplied from the Water at the Sides, 
as is the Caſe when a Fluid runs out through 
the Bottom of a Veſſel; then will the Velocity, 
with which the Water flows through the Hole, i 
continue the ſame ; for ſo far as the Water con. 
ing from the Sides, endeavours to deſcend itſelf, 


ſo far it obſtructs the Deſcent of the Stream, - 


and no farther ; and conſequently cauſes no A. 
eration in the Velocity or Quantity of Fluid 
running out. The Velocity therefore, with Wi 
which the Fluid paſſes through the Hole, s 
equal to that, which a Body would acquire by 
falling freely from the Level of the Surface f 
the Fluid to that Place. . = 
If the Hole is made in the Side of the Veſd 
at the ſame Diſtance below the Surface, the Ve. 
locity will be the ſame, on Account of that equi Wl 
Tendency Fluids have to move every Way Wi 
mort Ie, XI. The 


* Upon this. Principle is founded the Practice of making MW : 
artificial Fountains. For if to a Veſſel or Reſervoir A BCD, 


(Eig. to.) filled with a Fluid to the Height E F, be fixed the 


Pipe | 4 
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= XI. The Velocity, with which a Fluid ſpouts 
out from the Bottom or Side of a Veſſel, is as 
the ſquare Ropt of the Height of its Surface 


* *, b 


above the Hole “. ke; "RAT? 
The Cauſe, why a Fluid ſpouts out e 
an Hole made in the Bottom or Side of a Vel- 
ſel, is the Preſſure or Weight of the Fluid in- 
cumbent upon the Hole; from whence it 
ſhould ſeem, that the Velocity ought to be 
as the Preſſure ; but if ſo, then the Quantity 


Pipe CH, with a ſmall Aperture at K, the Plujd will ſpout up 
from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 
ſuch a Velacity, as a Body would acquire by falling from F L, 
the Level of the Sarface, to the Aperture at K ; that is, ſuch as 
will carry it from the Aperture to the Level; becauſe that Ve- 
blocity which a Body acquires by falling from a certain Height, 
= Tre to carry it back to the ſame Height from whence it 
| But in Practice the Height the Fluid riſes to, is leſs than that 
of the Level of its Surface in the Reſervoir : this is owing to the 
| Reſiſtance it meets with from the Air, its Friction againſt the 
dides of the Pipe, Wc. It is found impoſſible to make it much 
W exceed the Height of an hundred Feet: For, when it ſpouts out 
'E of the Aperture with a Velocity neceſſary to carry it higher, the 
| BT Stream is immediately daſhed to Pieces by the Reſiſtance of the 
Air; whereby it loſes its Force, and is prevented from riſing to 
any conſiderable Height. 4% VE. 
| WE + This Propoſition may be otherwiſe demonſtrated from the 
; & laſt, in the following Manner, For, ſince the Velocity with 
| which a Fluid ſpouts out through an Hole in the Bottom or Side 
of a Veſſel, is equal to that which a Body would acquire by 
\ WS falling from the Level of the Surface of the Fluid to the Hole, 
and the Velocities Bodies acquire by falling are as the ſquare 
Roots of the Heights they fall from (Part I. Chap. 5. F. 5.) it 
C WS follows, that the Velocity, with which a Fluid ſpouts out from 
an Hole in the Bottem or Side of a Veſſel, is as the ſquare Root 
a T c the Height of the Level of the Surface of the Fluid above 
a Hale.” een 507 Door 


22 The Action of Fluids Part Il. 
run out would alſo be as the Preſſure (for, the 
faſter the Liquor flows, the greater is the Quan. 6 
tity thrown out in a given Time, and vid 
versa) conſequently, upon this Suppoſition we 
ſhould have two Effects, each depending on 
the ſame Cauſe and equal to it, which is ab- 
ſurd. Tis not then the Quantity of Fluid jy 
out, nor the Velocity with which it flows, bu 
its Moment, or both theſe multiplied together 
(Part I. Ch.g. F. 1.) that is the true and ade 
quate Effect of the Preſſure. Now theſe be. 
ing ever in the ſame Ratio with each other, W 
neceſſary, in order that the Effect may be pr 
portionable to its Cauſe, that each of them be 
only as the ſquare Root of the Preſſure: Fa 
then, being multiplied together, their Produd, 
or the Moment of. the ſpouting Fluid, is ade- 
quately as the Preſſure which occaſions it; bu 
the Preſſure is as the perpendicular Hei 
(5. 4.) therefore the Velocity, and alſo the Qua- 
tity of Fluid ſpouting out, is only as the ſquar Wy 
Root of the Height of its Surface above ti: lt | 
Hole. Loge = 
Fo give an Inſtance or two; ſuppoſe tw 
Holes made in the Side of a Veſſel, the onen 
Inch below the Surface of the Fluid it contain Wl 
the other four Inches; the Velocity with whit b 
the Liquor flows out of the lower Hole, wi 
not be four Times as great, as that with wha 
it flows through the upper, notwithſtanun 
the Preſſure is four Times greater: For i 
ſhould, the Quantity run out in a given os 4 
wou 
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would alſo be four Times greater, conſequently | 
the Effect produced would be ſixteen Times 
greater than it is at the upper Hole, that is, four 


Times greater than the Cauſe; which is ab- 


ſurd. Whereas the Velocity and Quantity of 
Matter will each be only twice as great as they 
are above, producing thereby a Force or Mo- 
ment only four Times as great, which is pro- 

rtionable to the Cauſe. So, if an Hole were 
made ſixteen Times lower than the firſt, the 
Velocity and Quantity of Matter will not be 
each ſixteen Times greater than at the other, 
but only four Times greater a- piece, and ſo the 
Moment ſixteen Times greater, as the Preſſure 


W ONION. 
| XII. When 


. + From hence, we may ſee the Error ſome of the foreign 
Mathematicians have fallen into with Regard: to the Forces 
of moving Bodies, who contend that they are as the Squares 
of the Velocities multiplied by the, Quantities of Matter. 
For, from this Propoſition it 1s, that one of the principal Ar- 
guments brought in Favour of this Opinion is derived. They 
argue thus, Efz&s are ever proportionable to their Canſes, 
the Preſſure of the incumbent Fluid is the Cauſe of its ſphut- 
ing out, the Force with which it ſpouts oat, is the Eft? ; 
but by this Propoſition the Preſſure is as the Square of the 
Velocity it flows with, therefore the Force is likewiſe as the 


8 Square of the Velocicy. True, it is fo, but let us ſee the Con- 


ſequence. The Force, with which the Fluid ſpout out, is 
not only owing to the Velocity, but alſo to the Quantity run out 
in a given Time. They have each their Share in producing 
the Force, conſequently the Force is in a Ratio compaund- 
ed of both, or as the Product of one multiplied by the 


= other, or, which comes to the ſame Thing, (fince as was 


obſerved before, they are in the ſame Ratio with each other) 


as the Square of either of them. From hence it is that the 


Forces of Fluids in Motion are ſaid to be as the Squares 
of their Velocities ; not that they are fo in Virtue of thoſe 
| B 3 Ve- 
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XII. When a Current of Water, or och -Y 


Fluid, falls perpendicularly upon the Surface d ti 
a Plane, or flows againſt it, (as the Wind againf Pp 
the Sail of a Ship, or the like) the Force, which f 
the Fluid exerts upon it, is equal to the Weigh g 
of a Column of the ſame Fluid, whoſe Baſe ; BR © 
equal to the Plane, and its Height ſuch, that: Mi * 
Body falling freely through it would acquire: 8 © 
Degree of Velocity equal to that with which | 
Sorugmores?: t e 1 

In order to demonſtrate this Propoſition, ä 


let us ſuppoſe the Veſſel ABCD (Hg. 110) | 
filled with a Fluid, and having a large Hole {Rn 


EF in the Bottom, then will the Preſſure d 


the Fluid cauſe a Stream to flow out, which 


in the Hole itſelf will have ſuch a Degree 


of Velocity, as a Body would acquire by fall. 
ing freely from the Surface of the Fluid in 


the Veſſel to the Hole (as demonſtrated g. 10.) 


Velocities, -as ſuch, but in Virtue of them, and the Quantities 
of Matter taken together, or becauſe the Squares of the Velo- 


_ cities is the ſame Thing with the ſimple Velocities multiplied by 
the Quantities of Matter. Therefore when it is ſaid, the Forces 


of Fluids are as the Squares of the Velocities, that Part of the 
Force which ariſes from the Quantity of Matter is really taken 
into, Conſideration. How ridiculous then muſt it be in thoſe 
Gentlemen to fetch an Argument from hence to prove, that the 
Forces of Bodies in Motion are as the Squares of the Velocities 
and Quantities of Matter too, when they are as the Squares of 
the Velocities, only becauſe the Quantities of Matter are in- 
plied in them. | i 

* From this Propoſition is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind or 
Water, c. See an Inſtance of ſuch a Calculation in the Me. 
moirs of the Royal Academy of Sciences for the Year 1725. 


In 


_ 
oP 
2 

& 
* 
2 
2 
E. 
9 
% 
» 
* 
$4.7 


Chap. 1. among themſelves. 25 


In the midſt of this Hole, and conſequently in 
the Stream, let us ſuppoſe a Plane as PQ ſuſ- 


pended, but ſomewhat leſs than is ſufficient to 


fill the Hole, leſt it ſtop the Current of the Wa- 
ter. Now, 'tis certain, this Plane ſupports a 
Column of the Fluid, equal to that which preſſes 
upon any other Part of the Bottom of the Veſſel 


of equal Dimenfions with itſelf (for being thus 
placed it may be looked upon as a Part of the 


Bottom) but every Part bears a Column, whoſe 
Baſe is equal to its own Dimenſions, and its 
Height the ſame with that of the Surface of 
the Fluid in the Veſſel: Conſequently this Plane 
ſupports ſuch a Column, that is, it is reſiſted by 


de Stream with a Force equal to the Weight of 


a Column, whoſe Baſe has the ſame Dimen- 
ſions with itſelf, and whoſe Height is equal to 
that of the Surface of the Fluid in the Veſſel, 
that is, ſuch an Height as a Body by falling freely 
from, would acquire a Velocity equal to that 
with which the Fluid moves. | | 
XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, &c. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
Baſe is equal to ſo much of the Bank as is be- 
low the Surface of the Fluid, and whoſe Height 
is equal to half the Depth of the Fluid g. 


If 


+ From hence we ſee the Reaſon, why the Water of the Sea 
or great Lakes is as eaſily kept within their Banks (ſetting 
aſide the Force which ariſes from the Motion of the Waves, 

B 4 Av Oc. 
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If the Preffuic upon every Part of the Bank 


from the Surface to the Bottom, was as prey 
as it is at the Bottom, the Preſture againſt i 
would be equal to the Weight of a Column, 
whoſe Bate is equal to ſo much of the Bank x 
is under the Surface of the Fluid, and which 
Ras the w/e Depth of the Fiuid for its Height; 
for the Preſſure upon every Part of the Bank 
at the Bottom is equal to the Weight of 00. 
lumn, whoſe Bife correſponds to the Part prel. 
ſed upon, and whoſe Height 1s that of the! 

Depth of the Fluid; conſequently if the Pre. 
ſure was che fame every whcre from Top to 
Bottom, it would be equal to the Weight of sf 


many ſuch Columns as would anſwer to all the 


Parts of the Bank: But the Preſſure even 
where diminiſhes in Proportion as we approach 
the Top, where it is Nothing; it is therefore Wl 
but Valf + what it would be in the other Caſe; 
from whence the Propoſition is clear. : 


c.) as that of the narroweſt Canal, wiz. becanſe the Preſiure 


of Fluids is not in Proportion to their Surfaces, but ther Wl 
Depths, and the Surfaces they preſs againſt. 4 
I Becauſe the Sum of a Number of Terms in Arithmetica al 
Progreſſion beginning from Nothing, is Half the Sum of a Wal 
equal Number of Terms, each of which is equal to the laſt in 
the Progrefiion, 
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CHAP. II. 
Of the Effefts Fluids have on & olids 


immerſed therein. 


HE Specific Gravity of a Body is that 
 # by which it 1s faid to be heavier, or 
lighter has another of a different Kind : Thus 
= is ſaid to be ſpecifically heavier than 
Cork ; becauſe ſuppoſing an equal Bulk of each, 
the one would be heavier than the other. From 
hence it follows, that a Body, ſpecifically hea- 
vier than another; is alſo more denſe, that is, 
contains a greater Quantity of Matter under the 
ſame Bulk, becauſe Bodies weigh in Proportion 
to the Quantitics of Matter they contain (Part I. 
Chap. 3. F. 

II. If a Solid be immerſed in a Fluid of the 
game ſpecihc Gravity with itſelf, it will remain 
ſuſpended therein, in whatever Part of the Fluid 
it is put. 

Let the Body FG HI (Fig. 12.) be im- 

merſed in the Fluid ABCD to the Depth MN, 
or any other whatever; J ſay, it will continue 
in the ſame Part of the Fluid, when left to it- 
ſelf, without either riſing towards the Surface, 
or ſinking towards the Bottom. 

For, the Body being (by the Suppoſition) of 
cqual Gravity with the Fluid, the Weight of 
W the Column K L HI, which conſiſts partly of 
. Fluid, 
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is put. For then, the Column K L HI wil 
which is all Fluid; conſequently H I will be yp 
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Fluid, and partly of the Body, is the ſame ; 
if it had been all Fluid; conſequently HI, thy 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is preſſed with | 
the ſame Degree of Force, that any other Par 
of the ſame Dimenſions is, and therefore the 
whole Column K L HI will be ſupported init, 
Place. Now, the ſame being true of the Co. 
lumn KL HI, whatever be its Length, ts 
evident the Body will be ſuſpended in its'Place Þ 
at any Depth. | = 
III. But if the Body is ſpecifically heavier 
than the Fluid, in which it is immerſed, it wil 
ſublide to the Bottom: For then, in whateve: 
Part of the Fluid it is put, the Column KLHI I 
will always be heavier than an equal Column, 
that conſiſts all of Fluid; conſequently Hi, 
that Part of the Stratum MN, which lies in- 
mediateiy under the Body, will ſuffer a greater i 
Preſſure, than any other Part of the ſame Di- 
menſions; and therefore will give way, and 
permit the Body to ſubſide continually, tilt WR 


reaches the Bottom. 


IV. On the contrary, if the Body is ſpeci | 
fically lighter than the Fluid, it will riſe t 
the Top, in what Part of the Fluid ſoever i 


always be lighter than an equal Colum Be 


leſe preſſed downwards, than any other Par 


of the ſame Stratum of equal Dimenſions, w | 
| 1 


rn __ 1 ——— ML ea — 
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weill therefore continually riſe up, carrying the 
Body with it, till it arrives at the Top. 
V. A Body, being laid on the Surface of a 
Fluid ſpecifically heavier than itſelf, finks into 
it, till the immerſed Part takes up the Place of 
a Quantity of Fluid, whoſe Weight is equal to 
that of the whole Bd. 
Let EF GH (Fg. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itſelf, 
will fink into it, till the immerſed Part TKGH 
takes up the Place of ſo much Fluid as is equal 
to it in Weight. For, in that Caſe; GH, that 
Part of the Surface of the Stratum upon which 
the Body reſts, is preſſed with the ſame 
of Force, as it would be, was the Space IK GH 
full of the Fluid; that is, all the Parts of that 
Stratum are preſſed alike, and therefore the 
Body, after having ſunk ſo far into the Fluid, 
is in Æguilibrio with it, and will remain at 
Reſt. | D 51578 
From hence it follows, that a Body is as 


| 1 much ſpecifically lighter, than the Fluid on 


which it floats, as the immerſed Part is leſs 
than the Whole. For, by how much the leſs 


the immerſed Part is, fo much the leſs Fluid 


is equal in Weight to the whole Body; that 
is, the Body is fo much the lighter in Reſpect 
of the Fluid. And, if the ſame Body be made 
to float ſucceſſively in Fluids, whoſe ſpecific 
Gravities differ among themſelves, (but all ex- 
ceed that of the Body,) the lighter the Fluids 
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30 The Aion of Fluids Part Il E 3 
are, ſo much greater will be the Part in. 
merſed . 1 1309 1 RI at | | 
VI. A Body, ſuſpended in a Fluid ſpeci. 1 
cally lighter than itſelf, loſes a Part of ih 
Weight (or rather communicates it to the Flu. 
id) equal to that of a Quantity of Fluid of the 
ſame Bulk. | 7 = 

Let us, inſtead of ſuppoſing the Body (af. 


pended in the Fluid, imagine it to be away, and 


its Place filled with the Fluid; now tis evi. Þ 
dent, this being of the ſame, ſpecific Gravity Þ 


with the circumjacent Fluid, will be entire 


ſupported by it, or, if we ſuppoſe the Body to 
be of the ſame ſpecific Gravity with the Fluid, Þ 


it will be wholly ſuſpended by it; we ſce there. 


fore the Preſſure of the circumambient Fluid, 
whereby it endeavours to buoy up the Body, is 

equivalent to the Weight of ſo much Fluid, | 
would fill the Place the Body takes up. But, 


fince the Fluid preſſes only on the Surface of i 
the Body, that Preſſure is the ſame; whateve: 


be the' ſpecific Gravity of the Body; the Body 
therefore loſes ſo much of its Weight, as th: 
Fluid would naturally buoy up; that is, ſo much, 
as is the Weight of a Quantity of Fluid of th: 
fame Bulk. N 


+ This Phænomenon is what 2 Riſe to the Hydrometer, | 
an Inſtrument of great Uſe in a 


of the ſame ſpecific Gravity. 


This 


| certaining the Genuineneß of 
Liquors ; for it rarely happens, that the adulterated and tn: Wl 
genuine Liquor (however they may agree in Appearance) ax Wal 
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This Propoſition affords us a Method of de- 
termining the Relation, which the 1pecific Gra- 
vities of Bodies, whether Fluid or Solid, bear 
to cach other. For, whereas by weighing a 
solid in a Fluid ſpecifically lighter than itſelf, 
1c _ dd. TRE 
ve find the abſolute Weight of a Quantity of 
che Fluid equal to it in Bulk (vie. the Weight 


the Solid loſes) the Relation, that Weight bears 
"WS to the Weight of the Solid, is the Relation of 
l- 24 . 2 
their ſpecific Gravities; becauſe the Weights of 
5 Bodies, whoſe Bulks are equal, are as their ſpe- 
arc Gravities: conſequently, if the ſame Solid 
s v»eigbed ſucceſſively in different Fluids (all 


BS lighter than itſelf) we gain the Relation, which 
dhe ſpecific Gravity of each bears to that of the 
'S& Solid, and therefore to one another. Again, 
if different Solids are weighed in the fame Flu- 
add, the Relation, which the ſpecific Gravity 
F of that Fluid bears to each Solid, is had, and 
"EX therefore alſo the ſpecific Gravities of the Solids 
among themſelves +. f 


0 | C HAP. 


e + Upon this is founded the Uſe of the Hydroſtatical Ba- 
4 lance for determining the ſpecific Gravities both of Solids and 
Fluids. The Practice is thus. Firſt, let the Solid be weigh- 

ed in Air, that is, out-of the Fluid ; afterwards in it (this ought 

; to be done by ſuſpending it at one End of the Balance by a 
„bring, that is as nearly of the ſame ſpecific Gravity with the 
2 Fluid made Uſe of as poſſible, and letting it fink into the Fluid 
till it is — immerſed below the Surface; if the Fluid 
is Water, an Horſe-Hair is moſt convenient to hang the Body 
at the End of the Balance by) then ſubſtract its Weight in the 
Fluid from its Weight in Air, the Difference is what it loſes in 
| : the 
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Ap. IN. 
Ami- Of the Air. 


H A T Part of Natural Philoſophy, 
Which treats of the Properties of the 
Air, and the Effects of its Prator and Ela. 
ticity, is called Pneumatics. 
II. Air is a thin tranſparent elaſtic Fluid ſur. 
rounding the Earth to a certain Height, and 


taken all together, is called the Atmoſphere, 


III. That Air is a Fluid, is evident from the 
eaſy Paſſage it affords to Bodies moving in it: 
For this ſhews it to be a Body, whoſe Parts ea. 
ſily yield to a Preſſure, that is greater on one 
Side than on the other, which is the Definition 
of a Fluid. 

IV. Air gravitates towards the Earth, ori 
heavy like other Bodies. 

To prove this, we have Abundance of Ar- 
guments 'both from Senſe and Experiment. 
Thus, when the Hand is applied to the Ori- 


fice of a Veſſel, it readily perceives the Weight 


of the incumbent Atmoſphere, as ſoon as the 


the Fluid. This done, ſay, by the Rule of Proportion as the 


Weight loſt in the Fluid is to its Weight in Air, ſo is Unity, ot 
any Number taken at Pleaſure, to a Fourth, which by its Re- 
lation to the former, will expreſs the Relation of ſpecific Gn- 
vity of the Solid to that of the Fluid. Thus, the Relation, 


which the ſpecific Gravity of the ſame Fluid bears to that of 


various Solids, or of the ſame Solid to that of various Fluids, 
and conſequently the Relation of the ſpecific Gravities of all 
among themſelves may be obtained. 


Alt 
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WF thirty Inches above the Surface of the Mercury 


3 Chap. 3. Of the Arr. 33 


Air included in the Veſſel begins to be drawn 


out. Thus, Glaſs-Veſſels exhauſted of their 


Air (if not ſtrong enough to ſuſtain the Preſ- 
ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air without. 
When the Air is exhauſted out of a Veſſel, the 
Veſſel weighs leſs than before. With a great 


many more Experiments generally mentioned 


by Authors on this Subject ?. rt 
V. The exact Weight of the incumbent Air 


l is determined by filling a Tube with Mercury 


and immerging the open End in a Veſſel of the 
fame Fluid : For then the Mercury will run 


down the Tube, till its Surface is fallen to the 
perpendicular Height of about twenty-nine or 


in the Veſſel, and no further: if the ſame Ex- 
periment is made with Water, the Surface of 


it will ſtand at about the Height of thirty-two 


Feet above the Surface of that in the Veſſel; 
the Column of Mercury in one Caſe, and the 


Column of Water in the other, exactly ba- 
lancing the Weight of a Column of Air, which 
reaches to the Top of the Atmoſphere, and 


preſſes upon the Surface of the Fluid in the Veſ- 


ſels. This is what is called the Torricellian Ex- 
| periment, from ToRRICELLI the Inyentor, and 
is the ſame with the common Barometer, 


+ See Boyle's Trafts, or Gravgfande, Lib. II. P. II. 
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and Fluids of the Body, which by its Reaction is a Counterpoie 1 


34 Oe Part ll 
From hence it follows. (Chap, * 9.90 | £ 
that all Bodies, at the Surface of the Earth) 
ſuſtain as great a Weight from the Preſſum YG 
of the Air, as is that of · a Column of Water, 
whoſe Height 18 thir ty-tWO F cet, and its Bake : 4 
equal to the Surface of the Body preſy Þ* 
VI. That the Suſpenſion of the Mercury in 
the Barometer depends on the Preſſure of the i: 
external Air, is beyond all doubt; for if the] 
Barometer is included in the Air-Pump, the 
Mercury falls in the Tube, in Proportion 44, 
the Air is exhauſted out of the Receiver; and“ 
if the Air is let in again gradually, the Me-! 
cury reaſeends proportionably, till it reaches ity | 
former Height. =- -.Y 
VII. That the Atmoſphere is extended to, Fe 
a determinate. Height, appears from hence; | 
vi. that when the Torricellian Tube is te- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter; 
which is, becauſe a ſhorter Column of Air 


The Preſſure of the Atmoſphere upon every ſquare Inch, 
near the Surface of the Earth, is about fifteen Pounds, being * 
equal to the Weight of a Column of Mercury, whoſe Heigt Þ 
is thirty Inches, and its Baſe one ſquare Inch. For, ſuch 2 Co. 
lumn of Mercury would weigh about fifteen Pounds. The Bt 
Weight of the Atmoſphere therefore, which preſſes upon a Mans BY 
Body, is equal to ſo many Times fifteen Pounds, as the Sutfac 
of his Body contains ſquare Inches. 1 1 

The Reaſon why a Perſon ſuffers no Inconvenience from 0 

at a Preſſure, is owing to the Air included within the Pore 
to the Preflure of the external Air. - 

— 1 2 S * 5 preſſe 


— * 
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| 1 preſſes upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmo- 


VII The Elafticity of the Air is that Pro- 
„ perty by which it contracts itſelf into leſs 
if 3 Space, when an additional Preſſure is laid upon 
Wit; and recovers its former Dimenſions; when 
the Prefluce is taken off. This is accounted its 
Idiſtinguiſhing Property, all the reſt being com- 
mon to it with other Fluids. E KS ASHP. 
Of this we have numerous Proofs. Thus, 
Ra Bladder full of Air being comprefled by the 
Fand, the included Air gives way; but when 
the Preſſure is taken off, the Air expands itſelf, 
and readily fills up the Cavity, or Impreſſion 
made in the Surface of the Bladder. And, if 
a larger Quantity of Air, than is naturally 
preſſed into a Veſſel by the Weight of the in- 
& | Fcumbent Atmoſphere, is forced into it by the 
Condenſen (an Engine for that Purpoſe) and if 
that Air is afterwards let out by opening the 
Veſſel, the Remainder is found to be of the 
ame Weight as at firſt; from whence it fol- 
„ ows, that the Air, by means of its Elaſticity or 
Spring, drives out all that which was forced in 
by the Condenſer, recovers its former Dimen- 
ons, and fills the Veſſel as before. 
N. From hence, together with what has 
been obſerved about the Preflure of the At- 
moſphere, it follows, that the Air, near the 


urface of the Earth, is compreſſed into a 


much narrower Space by the Weight of the 
| _ _— 
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36 Of the Nit. Part I 
Air above, than that which it would natural . 
take up, was it free from that Preſſure; 2 
cordingly it is found by Experiment, tha, Þ* 
when the Preſſure of the Atmoſphere is taken 
off from any Portion of the Air, it 'immediatcy | 
expands itſelf into a vaſt Extent. | Hence id 
that thin Glaſs Bubbles or Bladders filled wih 

Air, being'included in the Receiver of the Aj. 
Pump, are broke in Pieces by the Spring « 
the Air, which they contain within them, when 

the Preſſure of the external Air is taken of 
Thus, a Bladder quite flaccid, containing only 
a ſmall Quantity of Air in it, ſwells upon th 
Removal of the external Air, and appears dil 
tended, as if it contained as great a Quantity 
as ' poſſible. © The ſame Effect is found in ca 
rying a Bladder ſomewhat flaecid to a mot 
elevited Place; for there the external Preflur 
being leſs, the Air included in the Bladder n 
ſome Meaſure free from the Preſſure of the A. 


moſphere; it therefore dilates itſelf, and diſten . 
the Bladder as in the former Caſe. 3 
X. It is found by Experiment. that the! 


Quantity of Space into which Air may be 


contracted by Preſſure, is reciprocally propo- pf 


tionable to the comprefling Force. Fron 


whence it follows, that the Denſity of the A* f 
is proportionable to the Preſſure which it ſul· 5 


tains; becauſe the leſs the Space is, into which 
a given Quantity of it is contracted, the des- 
ſer it is. As to the utmoſt Degree of oy 
0 * | 4 a: * * 100 4 
4.4% | 


* 


son and Contraction, which: the Air is capable 
of, they are as yet unknown. In ſeveral Ex- 
periments made by Mr. BoyLE, Air in its na- 
Mural State, that is, preſſed only with the Weight 
Jof the incumbent Atmoſphere, [dilated itſelf, 
Nrhen that Preſſure was taken off, into more 
Shan Thirteen thouſand Times the Space it 
Wtook up before. And, he was able ſo far to 
Fcompreſs it, that it ſhould take up more than 
Five hundred and twenty thouſand Times leſs 
pace than that, into which it would dilate it- 
ſelf, when free from its Preflure TP. 
XI. From this Property it follows; that 
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L the Air in the inferior Parts of the Atmo- 
u phere is more denſe than that, which is at 
r © Jgreat Heights in the ſame; or, that the Den- 


Wity of the Air decreaſes continually, as we 
approach the Top of the Atmoſphere; For the 
Penſity of the Air is proportionable to the Force 
tb n ie F e ele nic 

dee Boy/-'s Tracts and Experiments on the Spring and Preſ- 
Jure of the Air. i 2: hams wages 
Various have been the Opinions of Philoſophers concerning 

e Cauſe of this prodigious Spring in the Particles of Air; ſome 
Folding it to depend on their Figure, which they ſuppoſe to re- 
Wemble in ſome Manner little Bundles of Twigs, or the Branches 
pf Trees; ſome think them like Fleeces of Wool, others con- 
Peive them as rolled up like Hoops, or the Springs of Watches, 
nd endeavouring to expand themſelves by Virtue of their Tex- 

Wure. - But Sir aac Newton is of Opinion, that ſuch a Texture 
Ws by no Means ſufficient to account for that vaſt Power of Ex- 
Panſion obſerved above; but that each Particle is endued with 
repelling Force which increaſes as they approach one another, 
ol and accordingly keeps them aſunder at Diſtances reciprocally 
10- Froportionable to the Preſſure they ſuſtain. 

Lee Haless Statical Eflays, Vol. I. Chap. 6. 
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38 Of "the" Air. Parti 
with which it is compreſſed,” and that Fs BY 
continually decreaſes, as we approach the Top; i 
Was the Denſity of the Atmoſphere evy 
where the fame as it is near the Surface of the 
Farth, its Height (as is computed from t! 
Quantity of Preffure it exerts in raiſing de 
Mercury in the Barometer) would be about fy: 
Mites. But whereas its Denſity continually. [Wi 
creaſes, as we approach the Top, and it is un. 
certain how far the Particles may expand then. 
ſelves, where there is little or no Preſſure, t 
true Height cannot be obtained. It is com. 
puted to continue of a ſenſible Denſity to the 
Height of about forty-five, or fifty Miles. 1 
XII. The Elafticity of the Air produces hu 
fame Effects with its Preſſure. | 
For, Action being equal to Reaction, th: 
Force, which the Spring of the Air exerts 
endeavouring to expand itſelf, is 2 to tht 
Force: with which it is comprefled ; juſt xi 
is im the Spring of a Watch, which exerts u 
Fotce, but in Proportion as it is wound u) 
cenſequently a Quantity of Air in ſuch a d, 
of. Contraction, as it would be compreſſed n 
to by the Weight of the incumbent Aue 
ſphere, exerts a Force equal tõ that Wei Wl 
If a Quantity of Air therefore i5 included it: 
Veſſel, and is of the ſame. Denſity with «Miſe 
circumambient Air, its Preſſure againſt 
Sides of the Veſſel is equal to. the Weights 
the Atmoſphere. Thus, Mercury is ſuftans 
to the ſame Height by the elaſtic Force a 4 
include. 


ap. 3 Off | the Air. 39 


W..cluded.in a Glaſs Veſſel, no Way communiz,, 
Fating with the external Air, as by the Weight. 
f the Atmoſphere itſelf;.- f 4 N 
XIII. The Elaſticity of the Air is augment- 
aby Heat, and diminiſhed by Cold®, For if 
Bladder, which is about half filled with 7 — 
laid before the Fire, it will, when it is ſuth. 
Fiently heated, be diſtended and burſt, II | 
Glaſs Bubbles being. laid upon the Fire, i imme. 


m- L liately burſt with. great ander by the aug⸗ 
e nented Spring of the included Air. 
m. XIV. The Denſity of the Air thus conti⸗ 


ually varying, according to the different Uh: 
grees of Heat and Cold, to which it is expoſe 
Wakes it difficult to aſcertain its true ſpecific 
Gravity. Riccioxus eſtimates, it to be D — 

; cl Water, as One to a Thouſand : MERSENNUS, 
s One to One Thouſand three Hundred: Me, 


* % # 


This Property is found i in all Bodies both folid'and ALLA, 
dut in a much leſs Degree, than it is in Air. Thus, if = Fla 


de filled with Water, only to the lower Part of the Neek, and 
up then ſet upon the Fire; the Water, when it begins to 
arm, will riſe into the Neck, and continue to aſcend; 'as't 
a IAleat is increaſed. And When a Wire or Bar of Iron is heated, 
4 it is augmented both in Hengeh and Diameter. 


© Upon this Pro nds the Phznomena of the Ther. 
mometer, which Ale Bubble with a ſmall hollow Stem 


pit ariſing from it. This Bubble and Part of the Stem js uſuall 
it filled with Mercury, or Spirit of Wine, which will riſe or Gl 
Ia the Stem, as they are affected by the Heat or Cold of the 


emal Air. If a ſufficient Degree of Heat is ſuddenly applied 
a e this Inſtrument, the Taper | is obſerved to deſcend a little 
. 4 before it riſes, beczuſe the Glaſs diſtending itſelf, the Capacity 
Us Fo! the Bubble is e e 3 before the included FRO” is . 
ine fected by the H eat. 
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| Cakes and thinks, that all Things conſider | | 


continually varying: However, by ſome Ez. | 


the ſecond rom their. Coheſion. or Tena 
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40 The 222 Ace 0) Fluid . Pan ll | 


BoyLt,; by mote accurate Experiments, found 4 
to be, as One to Nine hundred, and thiry. 


the Proportion of One to a Thouſand may |, Bl 
taken as a Medium ; for there is no Any | 
preciſe Proportion, becauſe nor only the ſpec. 
fic, Gravity of Air, but that of Water alſo, ; | 


periments,. made ſince with more Accu 
before the Royal Society, the Proportion a 
been fixed at about One to Eight hundred a 
eighty, _ 4 
XV. Air is neceſſary for the Preſervationd . 


ney na; ond fraud. ed cd -- nd — © 


Animal and Veg etable Life: neither will Fir 


ſabfiſt without * The Reaſon of this is x | 
yet unknown to Philoſophers. Mr. Hain 
by ſeyeral curious Experiments | in his Stati 


Effays-makes it probable, that 'tis n to i 


D 
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Of the Refi Hance f Fluids » 
Ad 62 leb. Fer _ - 
HE Reſiſtance a Body "meets Wich n 
| moving through a Pl luid, is of the! 
Kinds. The firſt ariſes from the Friction d 
the Body againſt the Particles of the Fluid; 


5 Sec his Aualyfi of it, Statical Bays, vor I. Chap. 6 


amol 


1 
, 3 


"'Y 
_*_ » 


5 222 4 
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among themſelves; the third, from their In- 


| | TIT "IEF I a3 a-ry e „ Aas 
„ais or the, Tendency they have in com- 
0 mon with other Bodies, to keep the Places they 
19 D ri s IS ANINT DIT8 : 1181s 
A poſſeſs. e . 
pe frſt, viz. that which ariſes from the 
9 W Friction of the Body _ the Particles of 

che Fluid, is very inconſiderable; for Whatever 


de Weight is, which, preſſes the Particles of a 
Fluid together, the Freedom, with Which a 
9 Body moves throu gh it, is not ſenſibly dinſi- 
Nat a mr "Ihe W +200 - "ary ad 
mW niſhed thereby; as was obſerved," Chap. I. H. 2. 
in the Notes. ae es Baan . 
. be ſecond, or that which ariſes from the 
EF Tenacity of the Particles of the Fluid, is as 


in | . $# bole 1 . . lern 
he Time the Body continues paffing itt H: 
* Vi. 279 10 Nd n Tap 
i L i gi önnen A 
i * We have a very curious Argument in FN 
and which at the ſame Time illuſtrates the Manner in which a 


Body makes its Way through a tenacious Fluid, 1 85 Nac 
Newton himſelf, in a Poſtſcript to a Letter in the Philoſophical 
Tranſactions, Ne 371. It is as follows. Suppoſe Pieces of 
* fine Silk, or the like thin Subſtance, extended in lel 
planes, and fixed at ſmall Diſtances from each other. Suppoſe 
* then a Globe to ſtrike perpendicularly againſt the Middle of 
the outermoſt of the Silks, and by breaking thronggh them to 
* loſe Part of its Motion. If the Pieces of Silk be of equal 

Strength, the ſame Degree of Force will be required to break 

I BR * cachoof them but the Time, in which each Piece of Silk te- 

t © fits, will be ſo much ſhorter as the Globe is ſwifter; ayd the 

| * Loſs of Motion in the Globe conſequent: upon its br&akin 

0 RF © through each Silkjiarid ſurmonnting the Reſiſtance thergo 

(RE * will be proportional to the Time in which the gilk oppoſes, it- 

% _ {elf to the Globe's Motion; inſomuch that the Globe y the 

PF * Refiſiance of anyone Piete of Silk, will loſe ſs much Jefs of 

its Motion as it is ſwifter. But on the other Hand, by how 
much ſwifter the Globe moves, ſo many more of the Silks it 
will break through in a given Space of Time; whence the 
S C 4 © Number 


£2 Tobe Ne Mer Pulls. Patt 
LBp651:61Þpote- aagBady cuntimues to me I 

ib Space of one Hour; f 9 
it Moti he very. quick during that Time, 4 


Within a Fluid for 
then moved! A. great Way in + Joy Fluid, and 


Neid 40 bent „it; but is refiſted the leſs it 


sztheren whereas, if its Motion be floy, 

moves but a little Way in that Time, 
ns. teſiſted fo: much the longer in each 
art thereof, So that Whether the Body morn 
Falk on, flow,: the Reſiſtance it ſuffers is the 


5 
IL, 


fame „And depends therefore ON Nothing but Þ | 


ths; Time We {uppoſe: it to continue moving 


withip. the, Fluid. This Species of Reſiſtance Þ | 


is alſd very ſmall, except in glutinons and 
viſcid Fluids pas Far arts are not anc: * 


”_ Gy A { 3 % 
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oft Vary Weng 


5 Nombts of the Zilles , which k oppoſe th thealelves to the Motion : 


s of ty. Hlobe in a given Time, being reciprocally 
4 


» mou 30! 792481 11 


s, ly % Shat{a certain Deg ed afi Force 
8 the dd articles, 2he:Refiſti 

Tenaci of: Flbids muſt-obfervethenſanietRue Fas the Reſiſt 
5 ance - . - And. thereſtt in 

* of Motions Dody un 
in all Degte 


* its 1 
fewer Wo 


£9 {aguently - meets with 4 great deal of the Þ 
each {Part/thereot in Proportion to the Stay 


2 e. g eee 6 


6 the Effect of each Silk upon the Globe, the Ref | 


of the Parts f Fluid bees th ; 
af the Parts oi theſe·Bilks; name. 
wired to ſeparate 451 
ante ariſing from the * 


aiziver-Time, the Lok BY 
er in A Fluſc by ce Temctty of 9 
f Veloce be Wh fames 20m 
hat Hart dF-the Reſiſtamcv f. Huids, Which 
' ariſes from the. Cobeſioæ uf; their. Furtzy / wild e * 3 

vo :. 1 


"x 
5 . 
h 4 5 
by . 
- 12 
. 9 N 
Ab > 
2 ww 
Y 
% 
. 
* 
* 
% 
J 


-Ff 6&0 Þ +0 & -» kr=wy W227” 


— 
— 


Cz o * _o 


fe 6 ak... + ak. th... Hi. tire RL 


—- 
—_— 
8 rr 
2 Re "$4.5 » ac 1 a Py 
= we © n 2 n 
: a 9 1 2 


Chap. 4. TheiRefopancedf Fluidi. 4.3 


The third Species 18 
that Fluids give 4 
their Inactivity, or the Tepd 
of which they conſiſt, have: to continue at Reſt. 
The Quantity of this Reſiſtance depends on the 
Velocity the Body moves with: on à doũble Ac 
count: For, in the firſt Place, the Number of 
Particles put into Motion by the moving: Body, 
in any Jolermiimald Space of Time, 
tionable to the Velocity wherewith the 
moves; and in the next Place, the Velo. 
with which: each of them is moved; 4s alſo 25 
portionable to the Velocity of the Body; this 
Species therefore of Reſiſtance is in a Fes icate 
Proportion, or as the Square of the'Velotity, 
with which the Body moves through'®the 
Fluid x. Nodve ebiult bioliy 
II. Farther, ho Reſiſtance a Body moving 
in a Fluid meets with from thence, may be 
conſidered with Regard to the Fluid» and 
then it will be found” to be mote or Tels, gc- 
900 in} 999 of? Sbam ons 
„ This may be etheryiſe demonſtrated From be bak Sec- 


tion of the firſt Chapter; for from thence it follow, tht the 
Reſiſtance a Fluid gives to à Solid nell it modes is 
fel Dope to 2 Height a Body muſt fall from; to attire 
ha 4 4b of Velocity as the PFlußd moves wih? Bes the 
Bodies fall from ate 2s the of the Vet tiés 
—— acquire by falling: vendiy the Reſitanes w Fluid 
gives {9 a Solids: which py We P 
of its Veloci i matters not, as to the Reſiſtanòt 
ther the Fluid moves the Solid, or whether it beat Reſt, 
and the Solid moves im it; the Refiftance therefore wich a Fluid 


wes to a Solid mb it; is as the dale of the Velocity 
n e wy, 7. 


and ariſes frem 


cording 


rincipat Reſiſtance, 
ency the Particles, 


44 The Refftance'nf- Fluids. Part l! 
cording to the Denſity. of the Fluid. For h 
how much denſer os Fluid is, ſo much th, ÞY 
eater Number of Particles are to be put ino 
Motion by r in order to make its Wy | * 
through it. : 
III. T he next "Thi torke confiicers). is te 
Effects of the Reſiſtance of Fluids upon Bodies © 
moving in them; that is, the Retardatic 
which they cauſe in the Motion of a Body h! 
their Reſiſtance, or the W of Motion 
they deſtro at ; 
And this, in Genilar Bodies of equal Magni | 
tudes, is inverſely as their Denſities or the 
Quantity of Matter they contain : for by hoy 
much he greater .the Quantity of Matter in 
any Body is, ſo much the more. eaſily. does it 
overcome the Reſiſtance it meets with from the 
Fluid. Thus we ſee the Reſiſtance of the Air 
has a much leſs Effect in deſtroying the Motion! 
of an heavy Body, than of a light one which! 
has the ſame Dimenſions. < 
IV. In ſimilar Bodies of equal Denſitic, BY 
but different Magnitudes, the Retardation 1 is in- 
verſely as their homologous Sides, For the Re. 
| Stance Bodies meet with ineFlod, is inverſcly Þ 
as the Quantities” they contain (by 
the laſt) that is Af" 5p the Cubes of their 
homologous Sides; ane it is alſo directly 6 
their Sur faces, becauſe tis by them that the) 
move the Fluid out of its — that is, di- 
rectly as the Squares of their homiologous Sides; a 
| con- We 


Chap. 4. The Refiftance of Fluids. 45 
conſequently the Retardation is ' inverſely: as 
their homologous'Sides f. c WO 


Having given the fundamental Principles of 
ydroſtatics, and ſhewn how Fluids, both com- 
preſſible and incompreſſible, are diſpoſed to act 
upon each other, and upon Solids by their Pref- 
ſure, Motion, Elaſticity, and Reſiſtance; I 
proceed now to account for ſome of the more 
remarkable Phænomena of Nature, in which 
they are in Part, or altogether concerned: And 
this I deſign for the Subject of the following 
Diſſertations. , W font 


4230317 


..+ Becauſe the inverſe Ratio of the Cabes of any — 
being compounded with the direct Ratio of the Squares of the 
ſame, gives the inverſe Ratio of the Numbers themſelves. + - 
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H EN the Parts of an-elaitic Body are 
put into a tremulous Motion, by Per. 
eum! or the like; ſo long as the Tremor, 
continue, ſo long is the Air, included in the 
Pores of that Body, and likewiſe: that which 
preſſes upon its Surface, affected with the like 
Tremors and Agitations: Now, the Particles 
of Air: being ſo far compreſſed together by the 
Weight of the incumbent Atmoſphere, as theit 
repulſive Forces permit, (as has been explained, 
Chap 45 3 — follows, that thoſe, which are 
immediately agitated by the reciptocal Mo- 
tions of the Particles os elaſtic Body, will, 
in their Approach towards thoſe which lie next 
them, impel them alſo towards each other; 
and thereby cauſe them to be mort condenſed, 
than they were by the Weight of che incum- 
bent Aue dne and in their Return will ſuffer 
them to expand themſelves again; whereby the 
like Tremors and Agitations will be propagated 
to them; and fo on, till having arrived at a 
certain Diſtance from the Body, the Vibrations 
ceaſe, being gradually deſtroyed by a conti- 
nual ſucceſſive Propagation of Motion to freſh 
Particlss of Air Os their rn. 


Thu 
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uus it is that Sound is — from 
| emulous Body. to the Qrgar ACaring. 
| IN of the Particles of the Coba 
Body is ſucceſſively propagated to the Particles 
of the Air, till it reaches thoſe which are con- 
tiguous to the Tympanum of the Ear, (s fine 
Membrane diſtended acroſs it,) and the e Fa- 
ticles, in performing their Vibrations impinge 
upon the Tympanum, which agitates the Air 
included within it; and that ＋ = imo a 
like tremulous Motion, affects the auditsry 
Nerve, and thus excites in the Mind the Ben- 
ſation or Idea of what we call Sun. 
Now ſince the repulſive Force of each Par- 
ticle of Air is equally diffuſed around it eve- 
ry Way; it follows, that when any one ap- 
proaches a Number of others, it not only re- 
pels thoſe which lie before it, in a fight ue; 
but the fest, thterally, according 10! their re- 
ſpective Situatioms: that is, it makes them 
recede every Way from itſelf, as from ar Cen- 
ter: and, this being true of every Partiele, it 
follows, that the aforeſaid Tremors will be 
propagated from the ſounding Body im alt Di- 
rections, as from a Center: And farther, if 
they are confined for ſome Time from ſpread- 
ing themſelves by paſſing through a Tube or 
the like, will, when they have paſſed thr.uugh 
it, ſpread themſelves from the End in every 
Direction. In like Manner, thoſè which paſs 
through; an Hole in an Obſtacle they meet 
with in their Way, will afterwards ſpread 
| 3 themſelves 


45 


like, is heard in any Situation whatever, thy 


is not at too great a Diſtance from it. Som- 
thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 


which are propagated equally through all Part 
of *the' Surface in a Circle, though occaſioned 
not by à circular, but reciprocal Motion and 


Agitation of the Finger, or any other Body in Þ 4 


2 {trait Line. 

Since the repulſive Force, with which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. F. 10.) it 


follows, that when any Particle is removed out 
of its Place by the Tremors of a ſounding Body, 


or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 


repulſive Force of thoſe towards which it is Þ 7? 
impelled, with a Velocity proportionable to Þ 
the Diſtance from its proper Place; becauſe Þ 


the Velocity will be as the repelling Force. 


Ihe Conſequence of this is, that, let the“ 


Diſtance be great or ſmall, it will return to 
its Place in the ſame Time; (for the Time a 
Body takes up in moving from Place to Place 
will always be the fame, fo long as the Ve- 
locity it moves with is proportionable to the 
Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air is 
performed, depends on the Degree of Roe” 

100 


Of "Sound, Parti, 
themſelves frotmi thence, as if that was the Il 
Place where they began; fo that the Scud“ 
whieh paſſes through an Hole in a Wall, or he! 
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Diſſert. 1. QfeSevnd. 49 
don in its Particles: And ſo long as that is not 
altered, will, be the ſame at all Diſtances from 
the tremulous Body; conſequently, as the Mo- 
tion of Sound, is owing: to the ſucceſſive Pro- 
pagation of the Tremors of a ſounding Body 
through the Air, and as that Propagation de- 
pends on the Time each Tremor is performed 
in, it follows, that the Velocity of Sound va- 
ries as the Elaſticity of the Air, but continues 
che fame at all Diſtances, from the ſounding 
Bod . 4 ao rai een +; ire 
And as the Velocity, with which Sound is 
propagated, depends on the Elaſticity af the 
Air, ſo it does alſo on its Denſity; for when 
the Denſity of the Air is augmented, while 
its Elaſticity. remains the ſame , a great Num- 
ber of Particles will move forwards and back- 
wards in each Vibration; now, ſince we ſup- 
poſe the Cauſe by which they put each other 
+ Perhaps it will not appear to every one, how the Denſity 
of the Air can be I without a proportional Inereaſe of 
its Elaſticity; becauſe, "ceteris paribus, the nearer che Particles 


approach each other, the ſtronger is the Action of their repulſive 
Force. | | Dee — 


But it is to be Conſidered, that when the Air becomes colder, 
its Elaſticity is diminiſhed, and then the Particles are brought 
cloſer together by the Preſſure of the Atmoſphere, till they ac- 


| 3 quire an Elaſtieity equal to what they had before; wit.) fuch as 


anſwers to the Preſſure they ſuſtain (Chap. 3. F. 120 From 
hence we may infer, that the Propagation of Sound is ſlower in 
Winter than in Summer, when the Mercury in the Barometer is 
at the ſame Height; for the Preſſure of the Air being the ſame, 
its Elaſticity, which depends upon it, is ſo too; but the Air is 
2 by Reaſon of the Cold, and therefore its Vibrations 
ower. - 1 c T enen 


into 


80 Of Sound. 
into Motion (viz. their Elaſticity,) the ſame 
they will each receive a leſs Degree of Ve. 
city; and ſo the Vibrations will be performed 
in a longer Time, whence the Succeſſion of 
them will be ſlower, and the Progreſs of th, 
Sound proportionably retarded, 

Whereas the undulatory Motion of the Ai 
which conſtitutes Sound, is propagated in al 
Directions from the ſounding Body; it wil 
frequently happen, that the Air, in perform- 
ing its Vibrations, will impinge againſt vari- 
ous Objects, which will reflect it back, and 
ſo cauſe new Vibrations the contrary Way, 
now, if the Objects are ſo ſituated, as to fe- 
flect a ſufficient Number of Vibrations back 
(viz, ſuch as proceed different Ways) to the 


. * The Method of determining the Velocity with which 
Sound is propagated, is (by the Help of a ſhort Pendulum) to 
eſtimate ime, which paſſes between ſeeing the Fire of i 
Gun at « Diſtance, and hearing the Report. Its great Velocity 
makes it difficult to be determined exactly; accordingly Au. 
thors differ much in their Accounts. The moſt accurate Ob- 
ſervers, Dr. Hally and Dr. Derham, have found it to be about 
One Thouſand one Hundred and Forty-two Feet, which is al. 
moſt a Quarter of a Mile, in a Second. | 
The aſual Experiments to prove that the Air is neceſſary for 
the Propagation of Sound, are ſuch as theſe. A ſmall Bell be- 
ing put into the Receiver of the Air-Pump, may be heard at: 
conſiderable Diſtance before the Air is exhauſted out of it; but 
when the Air is much rarefied by exhauſting, can ſcarcely be 
heard at all. When the Air is condenſed, the Sound is aug- 
. mented in Proportion to the Condenſation. Theſe Experiments 
do not only ſucceed in forced Rarefactions and Condenſations, 
dut in ſuch alſo as are Natural; Sound being obſerved to be 
much weaker on the Tops of high Mountains, where the Air 
is lefs condenſed by the Weight of the incumbent Atmoſphers, 
than in the Valicys below. | 


ſame 


= 
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Diſſert. 1. Of Sound. 5 1 
ſame Place, the Sound will be there repeated, 
and is called an Echo *. And, the greater the 
Diſtance of the Objects is, the longer will be 
the Time, before the Repetition is heard. 
And when the Sound in its Progreſs — * with 
Objects, at different Diſtances, ſufficient to 

roduce an Echo, the ſame Sound will be re- 
peated ſeveral Times ſucceſſively, according to 
the different Diſtances of thoſe Objects from 
the ſounding Body; which makes what is called 
a repeated Echo. | | 

If the Vibrations of the tremulous Body are 

$ propagated through a long Tube, they will be 

continually reverberated from the Sides of the 

Tube into its Axis, and by that means pre- 

vented from ſpreading, till they get out of it; 


the Sound rendered much louder than it would 
$ otherwiſe be. 


The Difference of Muj/ical Tones depend 
Jon the different Number of Vibrations com- 
municated to the Air, in a given Time, by the 


Tremors 


* In Mocaſtoc Park, near Oxford, there is an Echo, which 
reprats diſtinctly ſeventeen Syllables by Day, and twenty by 
Night. See Plot's Natural Hiſtory of Oxford/vire. ; 
. {he Reaſon why it repeats more Syllables by Night, than 
RS by Day, is becauſe the Air, being colder at that Time, is more 
Wdenſe; and therefore the Return of the firſt Vibrations bein 
lower, gives Time for the Repetition of more Syllables. 


+ This is the Caſe in the Stentorophonic Tube or Speaking- 


$ rumpet. See Kircher de Re Mulica, Lib. 9. Par. 3. Ode 
WE ulo!. Nat. Princip. p. 203. 


Upon 


whereby they will be exceedingly encreaſed, and 


| be illuſtrated in the following Manner. 


52 Of Sound. Part 11 
Tremors of the ſounding Body; and the quicks 
the Succeſſion of the Vibrations is, the acuteri 
the Tone, and e contra. 

A muſical Chord performs all its Vibration 


whether great or ſmall, in the ſame Tine, 


For, if a String is ſtretched between two P. 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; . 
is found by Experiment, that the Diſtance (ii JA + 
it be ſmall) to which it is drawn, is as tts 
Force applied; conſequently the Velociy, 


with which it returns, when left to itſelf, wil RC. 
be as the Space it has to move over; it vil s 
therefore perform all its Vibrations in the ſam: . 


Time: This is the Reaſon why the ſame Chord t! 
however ſtruck, produces the ſame Note. 11 
is alſo found by Experiment, that when String 
of equal Diameters, but different Length 
are equally ſtretched, the longer they are, 6 
much the leſs Weights will draw them tron 
their re&ilineal Situation to the ſame Diſtance; 


Upon this Principle it is, that Sound is conveyed from «i 
Side of a Whiſpering Gallery to the oppoſite one, without beg 
perceived by thoſe who ſtand in the Middle. The Form di 
I hiſpering Gallery is that of a Segment of a Sphere, or the u 
arched Figure; and the Progreſs of the Sound through it u 


Let ABC (Fig. 14.) reprefent the Segment of a Spbet 
and ſuppoſe a low Voice uttered at D, the Vibrations exp 
ing themſelves every Way, ſome will impinge upon the Ff gLar. 
E, E, c. and from thence be reflected to the Point F, 9 7 
thence to G, and ſo on, till they all meet in C; and bu H 
Union there cauſe a much ſtronger Sound, than in any 0 nm" cc 
Part of the Segment whatever, even at D, the Point from vip 
they came, | 1 N 


1 
| 
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me Forces therefore by which they return 
are leſs, and the Times of their Vibrations 
longer. Y rac 

When two Chords perform their Vibrations 
in equal Times, the Tone produced is called 
an Uniſon, If one performs two, while the 
other one; tis an OZave, If one three, while 
the other two; 'tis a Fifth, If one three, 
TE while the other four; tis called a Fourth, 
&. 4: 

To make an Uniſon Sound, it is not neceſ- 
fary, that the Vibrations of the two Strings 
ſhould actually concur, but only that they 
$ ſhould be performed in equal Times; ſo that 
they would always concur, if they began at 
the ſame Inſtant. For the Ear perceives not 
the fingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 


* 
I tervals of Time, that paſs between them “. 
e pon theſe Principles we may account for that remarkable 
Phenomenon in Maſic, that an intenſe Sound being raiſed, 
either with the Voice, or a ſonorous Body, another ſonorous Bo- 
dy near it, and in Uniſon with it, will thereby be made to ſound. 
or the Vibrations of the Air, which correſpond to the Tre- 
fm ors of the firſt ſounding Body, agreeing exactly, in Point of 
i rime, with thoſe, which are capable of being given to the 
no Wot her Body at Uniſon with it; when they have by their firſt Im- 
pulſe communicated a ſmall Degree of Motion to it, will, b 
en; conſpiring with it, as it moves forwards and backwards, conti- 
ally increaſe its Motion, till it becomes ſenſible. The con- 
on rary happens in Strings which are in Diſcord with each other; 
0 or in this Cafe, though the firit Vibration of one may give 
ba lotion to the other, yet their Vibrations not being performed 
ol" cqual Times, the ſecond will come u»/ea/onably, i. c. when 


oe other is moving the contrary Way, and obſtruct its Motion. 
WW: 5 farther obſervable, that in two Strings, one of which vi- 
D 2 br:.t:s 
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brates twice, while the other once; if the firſt be ſounded, the 
two Extreams of the other will each ſound an Uniſon with j, 
while the middle Point remains at Reſt. So if one vibrate, 
thrice, while the other once, the laſt will be divided into three 
Parts, each of which will ſound an Uniſon with it, and the tyo 
Points between thoſe Parts will remain at Reſt. For other. 
wiſe, that which vibrates twice, while the other once, muſt ne. 
ceſſarily interfere with it at every ſecond Vibration; and that 
which vibrates thrice, while the other once, would interfer: 
with it at every third; ſo that it would not be put into a ſuff. 
cient Motion to produce a Sound. But, when it is divided by 
the quieſcent Points, it becomes ſo many Strings at Uniſon with 
the former, each of which eaſily receives its Vibrations fron 
thence. 

From hence likewiſe it is, that if we take two or three drink. 
ing Glaſſes, and put ſome Water or other Fluid into each of 
them, and place rol near to each other, taking Care to fil 
them to ſuch Heights, that (when ſtruck) their Tones ſhall be 
in Uniſon; and then, if we ſlide the Finger along the Brim cf 
one of the Glaſſes, preſſing pretty ſtrongly upon it, (which wil 
cauſe it to ſound) we ſhall fee the Surſace of the Fluids in the 
other Glaſſes begin to tremble ; which ſhews that the Vibrations 
of the firſt Glaſs cauſe the like in the other at Uniſon with it; 
though not perhaps in a Degree ſufficient to produce a Sound, 
ſtrong enough to be heard diſtinctly from the former. 

Thus it is that ſome Perſons are able to break a drinking Glals 
by a Tone of their Voice at Uniſon with it. They firſt try te 
Tone of the Glaſs by ſtriking it, then applying their Mouth near 
to the Brim of it, ſound the ſame Note with their Voice; this 
ſets the Glaſs a trembling ; they then continually raiſe thei 
Voice, ſounding ſtill the ſame Note; this encreaſes the Tremors 
of the Glaſs, which by that Means (if it is not too ſtrong B 
broke in Pieces. 

The Effect of Miſic upon Perſons bit with the Tarantula, [i 
the Accounts we have of it from Abroad may be credited) 
very ſurpriſing. A Perſon bit with the Tarantula, after ſome 
Time loſes both Senſe and Motion, and dies if deſtitute ad 
Help. The moſt effectual Remedy is Miſic. The Muticun 
tries Variety of Airs, till he hits upon one that affects the Pa- 
tient, who upon that begins to move by Degrees; firlt kees 
Time with his Fingers, Arms, and Legs, atterwards is wo- 
lently agitated in every Part of his Body; and then leaps 


begins to dance, and encreaſes in Activity every Moment; 
i 
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aſter five or fix Hours, being very much fatigued, he is put to 
Bed, and left to ſweat. The next Day the ſame Air brings him 
out of Bed for a new Dance. Which Exerciſe being thus con- 
tinued, the Diſtemper is abated in the Space of four or ſive 
Days, the Effects of the Bite being in ſome Meaſure carried off 
by Sweat, and the Patient begins then to recover his Senſe and 
Knowledge by little and little. 

The Reaſon why the Patient is thus affected by the Mufic, is, 
becauſe the Nerves of his Body are ſo diſpoſed in that Diſtemper, 
as eaſily to be agitated by the Vibrations which are occafioned 
by the principal and ſtronger Notes of what is played, | 


See, on the Subject of this Diſſertation, Philoſoph. TranſaR, 
Ne 134, 234, 302, 213, 319, 337. Hiſt. de I'Acad. 1702, 
1708. Grew's Coſmolog. Sacr. Book I. Chap. 5. Mead upon 
Poiſons, p. 59 Kills Anatomy, p. 214. Baglivi Prax. Me- 
dic. Diflert. I. Bellini de Urinis & Pulſibus, &. ſub fine 
Capitis de Mania. F 
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PAID FA T9 AON 
Of Capillary Tubes. 
* a Capillary Tube is generally underſtobi | 


a Glaſs Pipe, the Diameter of whok 
Bore is at moſt but about one tenth of an Inch, 


though any Tube, whoſe Cavity does not ex (Wl 


oeed that Magnitude, may be ſo called, 4 
The Phænomena of Capillary Tubes being 
ſuch as contradict a known Law in Hydroſa. 


lics, viz. that a Fluid riſes in a Tube t th 


fame Height with the Level of its Source f; | 


and likewiſe of Affinity with the Aſcent of ti: | 
Sap through the Stems of Plants for the No- 
riſhment of their Fruit, and with divers oth: 
Operations of Nature: it has been thougitÞ 


of no ſmall Moment in Philoſophy to ti 
out and eſtabliſh their true Cauſe ; which a. 
ter numerous Experiments, and ſeveral Cos. 
jectures about it; is found to be no other tha 


the Attraction of Coheſion ; by which (nal 2 


Particles of Matter mutually adhere togethe,W 
and form larger Bodies||. I ſhall lay conn 


+ Sec Chap. I. F. 9. Caſc 4. in the Notes. 


|| See Halbes and Poxwer's Experiments, Mnſſehenirai 7 
40 Edit. Philoſoph. Tranſat. Ne 355. Mem. de ac S 
1705, 1714, 1722, 1724. With others 78 td to in Quzſtons 
Philoſoph. 
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me ſeveral Phænomena, as fo many Matters of 
Pact; and ſubjoin to each a Solution from that 
W Cauſe. In order to which, it may not be im- 
proper to premiſe the following Conſideration 
by way of Lemma. Dp 

= Let us ſuppoſe the Veſſel ABCD (Fig. 15.) 
filled with a Fluid to the Height LM, and 
let it be conceived as divided into the equal 
IS Portions EFGH, GHIK, IKLM, &c. Far- 
ther, let it be ſuppoſed, that each Particle of 
LM atter in the inner Surface of the Veſſel, has 

Ja Sphere of Attraction, whoſe Semidiameter 
is equal to the Breadth of Three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
the Particle M reaches upwards as far as F, 
and downwards as far as S; and that of the 
Particle O, upwards as far as H, and down- 
IX wards as far as U; and fo of all the reſt quite 
round the Tube. From hence it will follow, 
chat every Particle of the inner Surface of the 
I veſel, which lies between EF and RS, con- 
ſpires in endeavouring to raiſe the Fluid to- 
wards AB the Top of the Veſſel; and that 
the Fluid is not affected by any other. For 
T Inſtance, the Particle S, and all below it, will 
attract downwards three Strata of the Fluid 
(uch as are contained in three equal Diviſions 
of the Veſſel) from above, and as many up- 
wards from below; and therefore will have no 
Effect at all in raiſing or depreſſing the Fluid. 
But the Particle Q will attract only two Strata 
Þ downwards; becauſe there are no more above 


D 4 it, 
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it, and three upwards, and therefore will 1 
fome meaſure tend to raiſe the Fluid; ſo the 
Particle O will attract but one downwards, and 
three upwards; the Particle M none down. 
wards, and three upwards ; the Particle K ty 
upwards, and H only one: all which my 
clearly be ſeen by their Situations in the Figure 
with Reſpect to the Surface of the Fluid, 
Therefore in every Veſſel, where there is a my. 
tual Attraction between the Fluid it contains | 
and the Particles of which it is compoſed, there i | 
will be a certain Number of Particles diſpoſed i - 
around it in Form of a broad Periphery ot 


Zone, as repreſented by A B; (Fig. 16.) hi 


of which lies above the Surface of the Fluid, and | 
balf below it, and will tend to make it riſe to 

wards. the Top. This being underſtood, the Þ 
following Phænomena will not be difficult“. 


__ m— dt A. 


* I have been the more particular in explaining this Lenm, Þ 
becauſe it is not a bare Periphery of no Breadth, to which the 
Aſcent af the Fluid is owing, but a Zone or Cingulum of Pari. 
cles diſtended equally in Breadth both ways from the Surfac: a 
of the Fluid; and becauſe it is upon the Breadth of this, tha 
ſome of. the following Solutions depend. As to the Thickneß Ja 
of it, that undoubtedly is equal to the Semidiameter of tie 
Sphere of Attraction in the Particles of the Veſſel; and ther. WR 
fore Veſſels, whoſe Sides are of different Thickneſſes (provide! WY 
thoſe Thickneſſes be leſs than that Semidiameter) muſt hav: Wn 
different Effects upon the ſame Fluid, though no one has as yt! Wl 
been ſo accurate as to obſerve it. The Reaſon why a Fluid vl 
not riſe in a large Veſſel, as well as in one that is Capillary, Wa 
b:cauſe the Attraction of its Particles does not reach far enouy! 
i1to the Middle of the Veſſel ; and therefore it only rifes about Wa 
t1e Sides, ſtanding higher than in the Middle: as may be 1 i 
11 a Drinking Glaſs, when a Quantity of Water is put into % Bl 
D mewhat lefs than is ſufficient to fill it. x -3 
I. LM 
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I. Let there be two Capillary Tubes, AB 
and CD (Fig. 17.) open at both Ends; and 
having their lower Orifices, A and C, immer- 
ed below the Surface of the Water contained 
in the Veſſel FGHI: The Water will imme- 
diately riſe up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually decreaſe ; till 
as much Water has entered the Tubes, as they 
are able to raiſe: And the Heights to which 
the Water will riſe in them, will be reciprocally 
as their Diameters. | RE GD ATI? 
That the Water ought to riſe in both Tubes 
is an immediate Conſequence of the foregoing 
Lemma ; becauſe the Column of Water: with- 
in the Tube is rendered lighter than an equal 
Column on the Outfide, as being attracted up- 
wards by a Portion of the interior Surface of 
the Veſſel; and therefore will riſe till it be- 
comes as much longer than the external ones, 
as it is made lighter; that the AÆguilibrium, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight'of the 
Column. The Reaſon that the Velocity with 


BS which it riſes, ought conſtantly to decreaſe, is, 


beeauſe the heavier the Column is, the leſs is 
the Effect of the Attraction, which is always 


WF the ſame in a Tube of the ſame Diameter. 
And laſtly, the Heights to which the Water 


riſes in them, will be reciprocally as their Dia- 
meters; for then the Quantities raiſed will be 
directly 
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directly as the DiametersF ; but the Peripherie, 
that raiſe. them, (being always of the ſame 
Breadth, and having their Lengths equal to the 
Circamferences of the Tubes) are as thoſe Dia. 
meters; the Quantities of Water therefore, 
being in the ſame Ratio, are as the Peripherie, BY 
2. e. as the Cauſes by which they are raiſed. ö 

II. If the Tubes, before they are immerged 
in the Water, are filled to greater Height, 
than thoſe to which it would naturally riſe in 
them; and then have their lower Orifices im. 
merged in Water, the Water will ſubſide till 
it ſtands in each at the ſame Height to which 
it would have riſen; but, if they are held in a 
perpendicular Poſition without being immerged, 
the Water will not ſubſide in the Tubes quite ſo 
far. 

The Reaſon why the Water in the Tube, 
when its lower Orifice is immerged, ſubſide 
to the ſame Height it would have riſen to, had 
the Tube been immerged when empty, is be- 
cauſe the Column is ſuſpended in one Cale by 
the ſame Cauſe, by which it is raiſed in te 
other; but when the Tube full of Water is 


+ The Heights to which the Water riſes, being in à recipro- 
cal Ratio of the Diameters ; and the Contents of Cylindrical 
Tubes being in a direct Ratio of their Heights, and of the 

uares of their Diameters ; the Quantities of Water raiſed in 
this Caſe will be in a reciprocal Ratio of the Diameters, and 
direct one of the Squares of the ſame. Now theſe two Ratios 
being compounded together, give the direct one of the Dis- 
meters themſelves ; becauſe the imple reciprocal Ratio deſtroys 
one of thoſe, which are contained in the direct one of ths 
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held erect, without being immerged, it will 
not ſubſide quite fo far; becauſe the lower End 


f of the Tube, which the Water leaves behind 


it as it drops out, attracts it the contrary Way; 
ſo that the Column in this Caſe is ſuſpended, not 
only by the inner Surface of the Tube at the 
Top, but alſo by its lower End; and therefore 


4 greater Quantity of Water is ſuſpended than 


in the former Caſe. och 
III. If a Tube, having its lower Orifice im- 


merged in Water, be held obliquely, it will 


raiſe the Water to the ſame perpendicular 


g Height, as when held erect. 


For ſince Fluids preſs according to their per- 
pendicular Heights, the Weight of the Column 


: | raiſed will not be proportionable to the attract - 


ive Force of the Tube, till it has arrived at the 


me perpendicular Height, to which it would 


have roſe, if held ere. 1951 
IV. If a Tube, when the Water is riſen into 

it to its wonted Height, is laid in an horizontal 

Situation, the Water will move towards the 


| Middle of the Tube, leaving the End which 


was immerſed a little behind. 

The Solution of this Phænomenon depends 
on what was obſerved in the Lemma about 
the Breadth of the attracting Periphery, and 
its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 
lows, that if the Water ſhould not run from 
the full End of the Tube, after it has laid in 
an horizontal Situation, but remain contiguous 


to 
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to it; that End of the Column of Water would 
be attracted only by ſuch a Portion of a Peri. 
phery as lies within its Surface at that End; 
becauſe the End of the Tube coinciding with 
the Surface, the other Half of the Periphery 
is wanting, Whereas, at the other End of the 
Column, there is a Periphery whoſe Breadth is 
entire; which, overpowering the other, cauſes 
the Water to move towards 'the Middle of the 
Tube, till as much Periphery is left behind, as 
can at once affect the Water by the Attraction 
of its Particles; after which the Water being 
attracted equally each Way, remains at Reſt. 

V. Let there be a Tube (Fig. 18.) conſiſt- 
ing of two Parts, DR and RCK, of different 


Diameters; it follows from what has been ſaid, 


that D R the ſmaller Part of the Tube, is able 
to raiſe Water higher than the other: Let then 
the Height to which the larger would raiſe it, 
be T F, and that to which it would riſe in the 
leſſer (was it continued down to the Surface of 
the Fluid) be XL: If this compound Tube be 
filled with Water, and the larger Orifice CK be 


immerſed in the ſame Fluid, the Surface of the 
Water will ſink no farther than XL, the Height 


to which the leſſer Part of the Tube would have 
R 

But if the Tube be inverted, as in Fig. 19. 
and the ſmaller Orifice X L be immerſed, the 
Water will run out till the Surface falls to TF; 
the Height to which the larger oY ” 
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Frube would have raiſed it. The Size of the 
lower Part making no Alteration in the 
eight, at which the Fluid is ſuſpended in 
either Caſe. | { 
In order to account for theſe Phænomena, it 


poſed, that its different Parts ſhall move with 
different Degrees of Velocity, the greater Pro- 
portion the Velocity of that Part to which a 
moving Power is applied, bears to that of the 
W reſt; ſo much the more effedual is the Power 
in moving that Body: As is the known.Caſe of 
the Lever, and all the other Mechanical Pow- 
ers. 
Now let us conceive the Tube D R (Fig. 
18.) continued down to HI, and let it be 
ſuppoſed at prefent that the Fluids contained 

in the Tube XL HI, and the compound one 
XLC, are not ſuſpended by the Periphery 
Wt L, but that they preſs upon their reſpective 
WW Baſes, HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each of them moveable, 
and that they are raiſed up or let down with 
W <qual Velocities; then will the Velocity with 
which XL the uppermoſt Stratum of the Fluid 
XLCK moves, exceed that of the ſame Stratum, 
conſidered as the uppermoſt of the Fluid in the 
Tube XL HI, as much as the Tube R CK 

is wider than DR (by the Lemma, Chap. 1. 

d. 9.) that is, as much as the Space MN K C 
exceeds X L1H; conſequently, by what was 
obleryed in the foregoing Paragraph, the 


Effect 
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| muſt be conſidered, that when a Body is ſo diſ- 


62 / Capillary Tubes. Part l 
Effect of the attracting Periphery XL, a; ; il 
acts upon the Fluid contained in the veſd Ws 
XLC K, exceeds its Effect, as it acts up 
that in XL HI, in the ſame Proportion, Wl 

Since therefore jt is able (ex. Hyporh.) to fu. 
tain the Weight of the Fluid X L HI by n 
natural Power, it is able under this Mechan. i 
cal Advantage, to ſuſtain the Weight of a 
much as would fill the Space M N K C: By 
the Preſſure of the Fluid X L CK is equal u 
that Weight, as having the ſame Baſe and an 
equa] Height (Chap. 1. F. 9.) its Preſſure there. 

fore, or the Tendency it has to deſcend in the i 
Tube, is equivalent to the Power of the at. Wl 
tracting Periphery XL, for which Reaſon it 
ought to be ſuſpended by it. | 
Again, the Height (Hg. 19.) at which 
the attracting Periphery in the larger Part of Wl 
the Tube is able to ſuſtain the Fluid is no 
greater than NF, that to which it would hae 
| raiſed” it, had the Tube been continued down Wi 
| to MN. For here the Power of the attrat- 
| ing Periphery acts under a like Mechanic Wl 
|  Difadvantage, and is thereby diminiſhed in 

| Proportion to the Capacity of the Tube TFNM 
B to that of HIXL,; becauſe; if the Baſes of 
| theſe Tubes are ſuppoſed to be moved with 
equal Velocities, the Riſe or Fall of the Sur- WW 
face of the Fluid TFXL, would be ſo much 
leſs than that of TFMN. And, whereas 
the attracting Periphery TF is able by its na- 


tural Power to ſuſpend the Fluid only to the 
- (0934 Height 5 
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Height NF in the Tube TFMN; it is in tis 
Caſe able to ſuſtain no greater Preſſure than 
what is equal to the Weight of the Fluid in 
W the Space HIXL : but the Preſſure of the 
Fluid TFXL, which has equal Height; and the 
= came Baſe with it, is equal to that Weight; 
and therefore is a juſt Aiguipondium to the at- 
tracting Power. gf ot ir Steeb \w 
VI. From hence we may clearly ſee the 
Reaſon, why a ſmall Quantity of Water put 
into a Capillary Tube, which is of a Conical 
Form, and laid in an Horizontal Situation, 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, C D a Column 
of Water contained within it; when the Fluid 
moves, the Velocity of the End D will be to 
that of the End C reciprocally as the Cavity 
of the Tube at D, to that at C (by the Lem- 
ma, Chap. 1. F. 9.) that is, reciprocally as the 
Square of the Diameter at D, to the Square 
of the Diameter at C +; but the attracting Pe- 
riphery at D is to that at C, in the ſimple Ra- 


C. Now, ſince the Effect of the Attraction 
depends, as much upon the Velocity of that 
Part of the Fluid where it acts, as upon its 
natural Force, its Effect at D will be greater 

chan at C; for though the Attraction at D 
be really leſs in itſelf than at C, yet its Loſs 
of Force upon that Account, is more than 


+ 12 L. 2. 


5 com- 


tio of the Diameter at D, to the Diameter at 
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compenſated by the mechanical Advantage it hy 
ariſing from hence, vix. that the Velocity d 
the Fluid in that Part is greater than it is at C, 
in a greater Proportion than the Force itſelf i; 
leſs: The Fluid will therefore move towards 
B. | 
VII. From hence likewiſe it follows, that 
if a Veſſel, as ABC (repreſented Fig. 21.) af 
any Form whatever, have its upper Part drawn 
out into a Capillary Tube, as B; and if this 
Veſſel is filled with Water, and have its lower 
Orifice placed on FD the Surface of the ſame 
Fluid; then the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at the 
Top be ſmall enough (was it continued down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becauſe, by Propoſition the fifth, the lower 
Part of the Tube makes no Alteration in the 
Height, at which the Capillary B is able to ſuſ- 
tain the Fluid. 

VIII. And if the ſame Veſſel be filled only 
to the Height DE (Fig. 22.) and a Drop of 
Water be put into the Capillary at B (the in- 
termediate Part B DE being full of Air) the 
Water will continue ſuſpended at the Height 
DE. 

For, although the Fluid ACDE 1s not in 
Contact with the Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 
ſupported by it; yet the Preſſure of the At- 
moſphere upon the Surface FG, and againſt the 
upper Part of the Drop in the . B, 
3 eeps 
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keeps the Fluid ADEC, and the Props and the 
intermediate Air from ſeparating, juſt as in the 
former Caſe the Attraction of Coheſion in the 
Particles of the Water prevented a Separation 
between that in the Veſſel and that in the Ca- 
pillary. Conſequently, as the Water in the 
Capillary was able in the former Caſe to ſuſtain 
as much Fluid as the Veſſel could contain, it is 
nov ſufficient to ſuſtain the Fluid ADE C. 
IX. Let there be a Capillary Siphon, as 
that repreſented Fig. 23, 24 or 25, and let EF 
be the Height, to which Water might be raiſed 
by a Periphery equal to that at A. Now, ſince 
(as was obſerved, F. 2.) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwiſe would 
be; that is, it ſupports a ſhort Column beſides 
that which is ſuſtained by the attracting Peri- 
phery; let HT be the Height of ſuch a Co- 
lumn as might be ſuſpended by the End C: 
Then, if any of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run out of 
the Tube at C, if CD the Difference of the 


+ This happens quite otherwiſe in Vacuo, becauſe the Preſ- 
ſure of the Air, which, as it were, connects the Drop with the 
Water ADEC, being wanting, it immediately falls for Want 
of a Support. Whereas the former Phznomenon equally ſuc- 
ceeds in Vacuo; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the Ca- 
pillary by their own mutual Attraction of Coheſion, there being 
nothing elſe whereby they can be ſupported. 


—_ Legs 
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Legs exceeds EF and HI added togeth« Wi 
otherwiſe not. 4 
For the Column AB is a Counterpoiſe » 
BD, being of the ſame perpendicular Height, 
and therefore it is only the Weight of the C. 
lumn CD, which determines the Fluid to moe: 2 
unleſs that Weight therefore exceeds the Foc: RY B 
of the attracting Periphery at A (which th, v 
Fluid AB muſt leave in riſing up the Tubx) r. 
and alſo what may be ſupported by the Ei g 
C, that is, (ex Hypoth.) two Columns whore 2 
Heights are E F and H I, it cannot run out « Wt! 
C; otherwiſe it will, as being deſtitute of ; fi 


_ ſufficient Support. in 


X. If che End A is immerged in Water, nd ne 
the other not (ſuppoſing the Tube full as be. Mit 
fore,) it will run out at C, though CD, th: 
Difference of the Legs, only exceeds HI. FA 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but th: Wl 
Power the End C has to prevent Drops fron Wl 
falling off it. | 

XI. Again, if the End C is immerged i 
Water, (and the other not) it will run out a 
C, if CD exceeds EF, otherwiſe not. 

For in this Caſe, there is nothing to ſupport 
the Column CD, but the attracting Peripheſ 
at A, whoſe Power is ſuppoſed able to rail: 
Column as EF, and no more. 4 

XII. And, if both Ends are immerſed (ti: 
Tube being ſuppoſed full as before) the Wat bl 


will run out at the lower, which ever 1 £ 
« 
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For then the Attraction of both Ends ceaſes; 
and the longer Column over- balancing the 
ſorter, the Fluid is determined thereby to run 
out at the lower End. 
III. If eicher of the Tubes (Fig. 23, or 24.) 
are ſmall enough to raiſe the Water from A to 
WB, and if the Orifice A is immerged, the Fluid 
will riſe to B, paſſing on to C, where it will 
run out or be ſuſpended according to the fore- 
going Caſes: but if the Periphery at G (Fig. 
25.) is ſuch as would ſupport a Column of 
the Length of AM only, and if the Tube be 
filled from A to G (the Extremity A being ſtill 
immerged as before) the Liquor will proceed 
no farther, but remain in the Poſition in which 
it is put. 
PFor that Fluid which has paſſed B aſſiſts by 
Wits Weight the attracting Periphery in raiſing 
the Column AB, and therefore it runs down to 
WC. But, if when the Tube is filled to G, the 
Periphery there is not able to ſupport more than 
Au the Difference of the Legs AB and BG, 
the Fluid muſt neceſſarily ſtand there; fince 
35G is no more than a Counterpoiſe to MB, and 
AMis ſuppoſed to be as much as the Periphery 
tat G can ſuſtain. 
XIV. Tho' a Capillary Tube be ſhorter than 
che Height to which its attracting Periphery is 
able to raiſe a Fluid, v. g. tho' the Tube AB 
(Eg. 26.) be ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yet 
A when the End A is immerged, the Fluid will 
q — not 
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not run out at B, but only be ſuſpended at thy 
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Height. | 

For when the Fluid is riſen as high a} 
it has then no more Periphery above it, to. 
tract it any farther; and if it was forced yy, 
little above the End, it would be attracted ba 
again by itÞ. 

XV. The Aſcent of different Fluids in th 


ſame Tube is various. Mzuſſchenbroek has found 


that in a Tube in which Water will riſe 9 
the Height of twenty-ſix Lines, Oil of Worm. 
wood will ziſe but eighteen or nineteen, where 
as Urine will riſe thirty-three or thirty. fou. 


+ Hence we ſee the Abſurdity of ſuppoſing that a Fluid ny 
be made continually to flow from a lower Place to an higherby 
a Capillary Tube, as ſuch; for whether the Tube be of ſag 


Form, as is repreſented, Fig. 23, 24, 25, or 26, the Fluid vil 
always ſtop when it comes at the higher End; becauſe the * 


traction is then in a Direction contrary to its Motion; and tle 
Weight of the whole Fluid, if the Tube is ſtrait, or of ſo mud 


as is contained in DC, the Difference of the Legs, if it be cow 


ed, is likewiſe an Impediment in it. 8 
Hence alſo the Abſurdity of ſuppoſing a Fluid to circulate 5 
Virtue of a Capillary Tube, as ſuch. For ſuppoſe the Ends 


the Capillary Tube joined together, ſo that the Tube ſhall u 


turn into itſelf; if the Tube be not full of Liquor, the Liqm 
will place itſelf as near as poſlible to the ſmalleſt Part of tt: 
Tube, as may eafily be inferred from what was obſerved 
F. 6. and will reſt there: If it be full, in which Caſe the B. 


tremities of the Fluid join, then there is no Periphery or Zo 


of Particles lying part out of the Fluid, and part in it, and cus 


ſequently all Ground or Cauſe of Motion, ſo far as it atls | | 


from the Tube being capillary, is entirely taken away. And 


if Part of the Tube be capillary, and Part not, the Cale is fl 
the ſame. How ridiculous then is it to affirm, as ſome h 


done, that the Circulation of the Animal Fluids is pe 


moted by the Paiſages through which they flow, being of tt | 
Te 


Kind. 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrongly by Glaſs, than others 
are. Mercury exhibits Phænomena juſt the 
Reverſe of the former; for if the End of a. 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not riſe in the Tube to a 
Level with that on the Outſide. This is be- 
cauſe the Particles of Mercury attract each 
other more forcibly than they are attracted by 
thoſe of Glaſs +. 


+ See Jurin's Diſſert. Philoſoph. Tranſ. No. 363. 

According to Mu//henbroek the Length of the upper Part of 
a Tube, which is above the Height to which it is able to raiſe 
a Fluid, conduces ſomething towards the raiſing it; and there- 
fore in a longer Tube a F Juid riſes higher than in one of the ſame 
Dimenſions that is ſhorter ; and if a Tube, with ſo much Fluid 
contained in it, as it is able to raiſe, be laid in an Horizontal 
Situation, the Fluid will run to the Middle of it. But of this 
I have had no Experience: Tis poſſible that ingenious Profeſ- 


for, tho“ very accurate in making Experiments, might herein 


be deceived. He acknowledges, (Experiment the Fifteenth) 


chat it ſometimes happens otherwiſe. 


Other Authors, beſides thoſe already referred to, that have 
treated on this Subject, are, Boyle Exper. Phyſ. Mech. Exp. g. 
Sturmius Colleg. Cur, Tentam. 8. Bernoulli Gravit. Eth. Hooke 


8 Microg. Obſer. 6. Leeuxwenboek Continuat. Arcan. Nat. Epiſt. 


131, Sinclaire Art, Gravit. 
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DISSERTATION n|M; 
1 
Of the Origin of Fountains, u 


ANY have been the Conjectures d 
Philoſophers concerning the Origin 
Fountains; and great Pains have been taken 
both by the Members of the Royal Socicy, Wi 
and thoſe of the Academy of Sciences at Pari, 
in order to aſcertain the true Cauſe of it. | 
Was ARISTOTLE's Opinion, and held by molt 
of the antient Philoſophers after him, that th 
Air contained in the Caverns of the Earth, 
being condenſed by Cold near its Surface, wa i 
thereby changed into Water ; and that it made 
its Way through, where it could find a Paſſage. 
But we have no Experience of any ſuch Trai- 
mutation of Air into Water. | 
Thoſe who imagine that Fountains owt Wi 
their Origin to Waters brought from the 88 
by ſubterraneous Ducts, give a tolerable Ac: 
count how they loſe their Saltneſs by Perco- 
lation as they paſs through the Earth; bu 
find great Difliculty in explaining by wiit WM 
Power the Water riſes above the Level of tht 
Sea, to near the Tops of Mountains, where 


Springs generally abound; it being contra!) iſ : 
to the Laws of Hyar oftatics, that a Fluid thou H 
5 nie 
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tic in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themſelves 
I WS from this Difficulty. The one is that of 
= D:s CarTEs, who imagines, that after 
che Water is become freſh by Percolation, 
W it is raiſed out of the Caverns of the Earth 
in Vapour towards its Surface; where meet- 
ing with Rocks near the Tops of Moun- 
tains in the Form of Arches or Vaults, it 
BS ſticks to them, and runs down their Sides, 
like Water in an Alembic) till it meets 
S with proper Receptacles, from which it ſup- 
plies the Fountains. Now, this is a mere 
Hypotheſis without Foundation or Probabi- 
BS lity; for, in the firſt Place, we know of no 
internal Heat of the Earth to cauſe ſuch 
an Evaporation ; or if that were allowed, yet 
tis quite incredible, that there ſhould be any 
Caverns ſo ſmooth, and void of Protube- 
rances, as to anſwer the Ends of an Alembic, 
in collecting and condenſing the Vapours to- 
gether, in every Place where Fountains ariſe. 
There are others (as VARENIus, &c.) who 
ſuppoſe that the Water may riſe through the 
Pores of the Earth, as through Capillary 
& Tubes by Attraction; but hereby they ſhew, 
| that they are quite unacquainted with what 
relates to the Motion of a Fluid through ſuch 
Tubes. For when a Capillary Tube opens in- 
to a Cavity at its upper End, or grows larger 


E 4 and 
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and larger, ſo as to ceaſe to be Capillary at thy 
End; the Water will not aſcend through thy 
Tube into the Cavity, or beyond where the 
Tube is Capillary ; . becauſe that Part of the be. 
riphery of the Cavity, which is partly above th; 
Surface of the Water, and partly below it, ; 
not of the Capillary Kind. Nay, if the Cu. 
vity is continually ſupplied with Water, it wil 
be attracted into the Capillary Tube, and mw 
down it, as through a Funnel, if the lower End 
is immerged in the ſame Fluid, as in this Cat 
it is ſuppoſed to be“. 

It has been a generally received Opinion, 
and much eſpouſed by MARRIOT Tx (a diligent 
Obſerver of Nature) that the Riſe of Spring 
is owing to the Rains and melted Snow. Ac. 
cording to him, the Rain-Water, which fall 
upon the Hills and Mountains, penetrating the 
Surface, meets with Clay or Rocks contiguous 
to each other, along which it runs, without 
being able to penetrate them, till being got to 
the Bottom of the Mountain, or to a conſidet— 
able Diſtance from the Top, it breaks out cf 1 
the Ground, and forms Springs. & 1 

In order to examine this Opinion, Mr. . 
PERRAULT, DR LA HIRE, and D. Sipr- 0 
LE Au, endeavour'd to make an Eſtimate of 
the Quantity of Rain and Snow, that falls in 


See the foregoing Diſſertation, Sea. 14. 


the 
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me Space of a Year, to ſee whether it would 
WE bc ſufficient to afford a Quantity of Water, 
equal to that which is annually diſcharged into 
me sea by the Rivers. The Reſult of whoſe 
W Inquiries was, that the Quantity of Rain and 
now which fell in a Year into a Cylindrical 
veſſel, would fill it (if ſecured from evaporat- 
ing) to the Height of about nineteen Inches. 
Which Quantity D. S1DELEAU A ſhewed, was 
not ſufficient to ſupply the Rivers ; for that thoſe 
of England, Ireland, and Spain diſcharge a 
greater Quantity of Water annually, than the 
Kain, according to that Experiment, is able to 
= ſupply. Beſides which, another Obſervation 
was made by them at the ſame Time, viz. 


chat the Quantity of Water raiſed in Vapour 


one Year with another, amounted to about 
Thirty-two Inches, which is Thirteen more 
than falls in Rain: A plain Indication, that the 
Water of Fountains is not ſupplied by Rains 
and melted Snow. 

Thus, the true Cauſe of the Origin of 
Fountains remained undiſcovered, till Dr. Har- 
LEY in making his Celeſtial Obſervations upon 
the Tops of the Mountains at St. Helena, about 
eight Hundred Yards above the Level of the 
Sea, found that the Quantity of Vapour which 
tell there (even when the Sky was clear) was 


+ Memoirs of the Royal Academy of Sciences for the Year 


ſo 
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ſo great that it very much impeded his Obſe. 
vations, by covering his Glaſſes with Wat 
every half Quarter of an Hour ; and upon thy 
attempted to determine by Experiment the 
Quantity of Vapour exhaled from the Surface 
of the Sea, as far as it riſes from Heat; in or. 
der to try, whether that might be a ſufficien 
Supply for the Water continually diſcharged by 
Fountains. ' The Proceſs of his Experiment wx 
as follows: He took a Veſſel of Water ſalted to 
the ſame Degree with that of Sea-Water, in 
which he placed a Thermometer; and by mean 
of a Pan of Coals, brought the Water to the 
fame Degree of Heat, which is obſerved to he 
that of the Air in our hotteſt Summer; this 
done, he affixed the Veſſel of Water with the 
Thermometer in it, to one End of a Pair of 
Scales, and exactly counterpoiſed it with Weight iſ 
on the other : Then, at the End of two Hour, 
he found by the Alteration made in the Weight Bl 
of the Veſſel, that about a ſixtieth Part of an 


Inch of the Depth of the Water was gone of Wi 


in Vapour ; and therefore, in twelve Hours, on: 
tenth of an Inch would have gone off. Nov Wl 
this accurate Obſerver allows the Meditr. Wl 
ranean Sea to be forty Degrees long, and fou 


broad; (the broader Parts compenſating for Bl 
the narrower; ſo that its whole Surface is one i 


Hundred and fixty ſquare Degrees ;) which a- 
cording to the Experiment muſt yield at leut 


five Thouſand, two Hundred and eighty * 9 
| ion 
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lions of Tons of Water. In which Account, 
no Regard is had to the Wind, and the Agi- 
tation of the Surface of the Sea ; both which 
undoubtedly promote the Evaporation. | 

It remained now, to compare this Quantity 
of Water, with that, which is daily conveyed 
into the ſame Sea, by the Rivers. The only 
Way to do which, was to compare them with 
ſome known River; and accordingly he takes 
his Computation from the River Thames, and 
to avoid all Objection, makes Allowances, 
probably greater, than what were abſolutely 
neceſſary. 

The Mediterranean receives the following 
conſiderable Rivers, v:z. the Berus, the Rhone, 
the Tyber, the Po, the Danube, the Nieſter, 
the Bory/thenes, the Tanais, and the Nile. 
Each of theſe he ſuppoſes to bring down ten 
Times as much Water as the Thames; whereby 
he allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20,300,000 
Tuns of Water a Day. If therefore the above- 
ſaid nine Rivers yield ten Times as much Wa- 
ter as the Thames doth, it will follow, that all 
of them together yield but 1827 Millions of 
Tuns in a Day; which is but little more than 
one Third of what is proved to be raiſed in Va- 
pour out of the Mediterranean in the ſame 
Time. We have therefore from hence a Source 


abundantly ſufficient for the Supply of Foun- 
tains. | 
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Now having found, that the Vapour exhale 
from the Sea, is a ſufficient Supply for the 
" Fountains; he proceeds in the next Place ty 
conſider the Manner in which they are raiſe. 
and how they are condenſed into Water again 
and conveyed to the Sources of Springs. 

In order to this he confiders, that, if » 
Atom of Water was expanded into a Shel 
or Bubble, ſo as to be ten Times as big i 
Diameter as when it was Water, that Atom 
would become ſpecifically lighter than Ar, 
and therefore would rife ſo long as the Warmth 
which firſt ſeparated it from the Surface d 
the Water ſhould continue to diſtend it t 
the ſame Degree; and conſequently, that Vs. 
pours may be raiſed from the Surface of the 
Sea in that Manner , till they arrive at a cer- 
tain Height in the Atmoſphere, at which the 
find the Air of equal ſpecific Gravity with 
themſelves. Here they will float, till being 
condenſed by Cold, they become ſpecifically 
heavier than the Air, and fall down in Dew, 
or being driven by the Winds againſt the Sides 
of Mountains, (many of which far ſurpak 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with it 

to the Tops of them; where being conden- 
ſed into Water they preſently precipitate, and 


I dee this confuted in Diſſertation 6. : 
gleeting 
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etins down by the Crannies of the Stone, 
I of them W into the Caverns of the 
Hills; which being once filled, all the Over- 

lus of Water that comes thither, runs over 

by the loweſt Place, and breaking out by the 
Sides of the Hills, forms ſingle Springs. Many 
of theſe running down by the Valleys between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks: Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 
which latter, he obſerves, one would hardly 
think to be a Collection of Water condenſed 
out of Vapour, unleſs we conſider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all thoſe Springs which 
break out on the South Side of the Carpa- 
tian Mountains, and on the North Side of 
the immenſe Ridge of the Alps; which is one 
continued Chain of Mountains from Switger- 
land to the Black-Sea. 

Thus one Part of the Vapours, which are 
blown on to the Land, is returned by the Ri- 
vers into the Sea, from whence it came; an- 
= other Part falls into the Sea before it reaches 
BS the Land; and this is the Reaſon, why the 

Rivers do not return ſo much Water into 
the Mediterranean as is raiſed in Vapour. 


A third Part falls on the Low-Lands, and is 
5 the 
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the Pabulum of Plants, where yet it does jy 4 
reſt; but is again exhaled in Vapour by the b 
Action of the Sun, and is either carried byth, \ 
Winds to the Sea, to fall in Rain or Dew they C 
or elſe to the Mountains, to become the Sourcy - 
of Springs. | £ 
However, it is not to be ſuppoſed, that {| is 
Fountains are owing to one and the ſame Cauke, 7 

but that ſome proceed from Rain and melts! 
Snow, which ſubſiding through the Surface q 5 
the Earth, makes its Way into certain Cavitie, G 
and thence iſſues out in the Form of Spring, e 
becauſe the Waters of ſeveral are found to h. 8 
992 


creaſe and diminiſh in Proportion to the Rai 
which falls: That others again, eſpecially ſuch 
as are ſalt, and ſpring near the Sea-ſhore, one 
their Origin to Sea-Water percolated throug Wl 
the Earth; and ſome to both theſe Cauſes: 
Though without doubt moſt of them, and e: 
pecially ſuch as ſpring near the Tops of hig 
Mountains, receive their Waters from Vapour, 

as before explained &. 


There is a certain Species of Springs which ebb and fly 
alternately, and ſome that ceaſe to low 2 a Time, which fron 
thence are called reciprocating or intermitting ones. Their he 
ciprocations may be accounted for in the following Manner. 
Let ABC repreſent one Side of an Hill in which there b. 
Cavity DEF, and from this a ſubterraneous Duct IKL. Nov 
as this Cavity fills with Water (ſuppoſe from Vapours pero. 
lating through the Surface of the Hill, or in any other Manne 
whatever) its Surface will riſe in the Duct as it does in the C 
vity, till it arrives at M, the Level with the upper Part of ti 
Duct; at which Time it will run over at K, filling K LA the 
other Part of the Dutt. Now, if the perpendicular Height 


the Point K above L (or rather above A) be greater than its pe 
pendiculs 
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ndicular Height above I, the Column KLA will overpoiſe 
the Column KI, and ſo cauſe the Water to run out at A, till its 
Surface in the Cavity ſinks as far as I, 222 the Duct is 
large enough to convey the Water away faſter than it enters the 


WT Cavity) at which Time the Fountain at A will ceaſe to play, till 


the Surface of the Water in the Cavity riſes again to M, and 
runs over at K as before. The Reaſon why the Water continues 
running (when the Du& is once full) till its Surface ſinks to I, 
is becauſe the Air preſſing againſt it as it runs out at A, and alſo 
= upon its Surface in the Cavity, keeps the Du full, as long as 
che Water in the Cavity is high enough to feed its Orifice at I. 


See more on this Subject in Philoſoph. Tranſat. No. 119, 
189, 192, 384, 424. Hiſtoire de VAcad. 1693, 1703, 1713. 
= Gu/ie/mini della Natura de Fiumi. Da#'s Hiſtory of Harwich. 
Marriotte's Hydroſtatics. Niewwentyt Contempt. 19. Varenius 
= Geograph. Cap. 16. Regnault, Vol. 2. Converſat. 6. Hales's 
ws Statical Eſſays, Vol. 1. Experiment 19. Micholettus in Append. 
ad 7, Bernoulli: de Efferveſc. ; 
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DISSERTATION IV. 
Of the Barometer. 


N treating of the Properties of the Air 

(Chap. III.) I have already taken Notice 
of the Conſtruction of the common Barome- 
ter; and proved, that the Aſcent and Suſ- 
W penſion of the Mercury therein, is owing to 
the Preſſure * of the Air. I proceed now to 
Wa more particular Inquiry into the Original, 
Wand Uſe of this Inſtrument ; and the diffe- 
Wrent Forms under which it has appeared, ſince 
che Time of its Inventor Torricelli. 


In 


o ſay the Aſcent and Suſpenſion of the Mercury is dwing 
oo the Preſſure and Elaſticity of the Air, as is commonly done, is 
Inaccurate. The Variation, indeed, in the Height of the Mercury, 


chan as to its remote Cauſe ; wiz. as it occaſions an Alteration in 
be Quantity of Air, impending over the Place where the Varia- 
ion happens; which alters its Weight, and fo the Mercury 3s 
WP oportionably raiſed or depreſſed. To uſtrate this, let it be 
ppoſed, that the Air is every where in Æguilibrio, quite round 
e Globe, and at perfect Reſt ; and then, that its Elaſticity, in 
ne one Place near the Surface of the Earth, is augmented by the 

Heat of the Sun, all the reſt of it remaining as before. The Con- 
auence of this will be, that the ſuperior Part of the Atmoſphere, 
oer this Place, will be raiſed higher by the Expanſion of the 
Wnfcrior Air; and therefore, being unconfined, will ſpread itſelf, 

very Way, over the neighbouring Columns, which we ſuppoſe 
Wo :<tain their former State. The Quantity of Matter therefore 
thoſe Columns of Air, in whoſe lower Parts its Elaſticity 
Wa increaſed, will be —— and that of the neighbourin 
5 ones 


ay be aſcribed to the Elaſticity of the Air, but no otherwiſe, 
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In the Beginning of the laſt Century it vn 
a prevailing Opinion among Philoſophers, thy 
the Univerſe was full of Matter; and that N. 
ture (as they expreſſed it) abhorred a Van. 
um : Accordingly they imagined, that if, 
Fluid was ſucked up a Pipe with a ſufficiey 
Force, it would riſe to any Height whatever, 
fince Nature would not ſuffer any Part of the 
Pipe to be empty. Galilæo, who floutis 
ed about that Time, found upon Trial, th 
the common Pump would not raiſe Wate, 
unleſs the Sucker reached within three a 
thirty Feet of its Surface in the Well +: Fron 


hence 


ones augmented. A Barometer therefore placed in thoſe Region, 
where the Air was rarefied, will ſubſide; while one in the neigh 
bouring Countries will aſcend ; and they will continue at differen 
Heights, till the denſer Air, ruſhing in upon the rarefied, refor 
the Æguilibrium. Thus we ſee, the Variation of the Air's El 
ticity is not the immediate Cauſe of the Variation in the Baroms 
ter; it firſt affects the Weight of the Air, by altering the Cu 
tity incumbent over any Place, and that affects the Baromete, 
But, if we may have Recourſe to remote Cauſes, we may, if 
pleaſe, go one Step farther ; and ſay, the Aſcent and Suſpenin 
of the Mercury is owing to the Heat of the Sun; for, by tt 
foregoing Inſtance, a Variation in the Heat of the Sun my 
— be the Occaſion of a Variation in the Height of ti 
ercury. | | 
Neither is the Suſpenſion of the Mercury, in a Tube, tht 
kept within Doors, to be aſcribed to the Elaſticity of the Air; 
that exerts no Force, but as the internal Air is preſſed by the erm 
nal, which endeavours to get in, where-ever it can finda Way. 


+ It is a common Notion, that a ſucking Pump will not ral | | 


Water above thirty-three Feet, whereas it will raiſe it tl 
Height whatever, if the Sucker reaches within thirty-three Feet 
the Surface of the Water ; as will be evident to any one that cot 


ſiders the Structure of the Pump: Por all the Water, which q | 1 
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hence he judiciouſly inferred, that a Column 
of Water thirty-three Feet high was a Coun- 
terpoiſe to a Column of Air of an equal Baſe, 
whoſe Height extended to the Top of the At- 
moſphere; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
Forricelli, obſerving this, took the Hint; and 
conſidered, that, if a Column of Water of 
about thirty-three Feet was equal in Weight 
to a Column of Air of the ſame Baſe 8; a 

Co- 


once paſſed through the Valve in the Sucker, is ſupported by 
that, as the Sucker is drawn up, and as the Sucker is let down it 
together with the Water between that and another placed in the 


Pomp below, is ſupported by that other; ſo that the Height of 


the Water above the Sucket can be no Impediment to the riſing 


Jof the Water below the Sucker, whatever the Length of the 
Column, which it forms, may be. The placing one Pump 
above another, where Water is to be raiſed from great Depths, 
W is rather for Strength and Conveniency, than out of Neceſſity. 


5 Perhaps it may be enquired here, how it comes to paſs, that 


the Column of Air, which preſſes upon the ſtagnant Mercury in 
che Baſon, is always ſuppoſed to have an equal Baſe with the 
ſaſpended Column in the Tube; whereas, in Reality, its Baſe is 


equal to the Surface of the ſtagnant Mercury ? The Reaſon is, 


chat, as the Baſe of the Column of Air increaſes, in the ſame 
Proportion the Velocity, wherewith it deſcends, decreaſes, when 
Wit forces down the Surface of the Mercury in the Baſon; confe- 
Wquently its Moment, or Preſſure upon the Surface of the ſtagnant 
Mercury (fo far as it relates to the ſuſpending of it in the Iube) 
no greater, than it would have been, had its Baſe been equal 
Wo that of the ſuſpended Column; and therefore, in conſidering 
eas ſuſpending a Fluid in a Tube, it is properly enough ſaid 
Wo be a Column of ſuch a Baſe. 


Neither is this Suppoſition inconſiſtent with the ninth Propoſi- 


on of the firſt Chapter, where it is demonſtrated, that the Preſ- 

ire of a Fluid is in Proportion to its perpendicular Height, and 
e Quantity of Surface, againſt which it preſſes. For, as the 
ee of the Mercury may be conſidered as a Baſe on which the 
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Column of Mercury, no longer than aby 
twenty-nine Inches and a half, would be ſo to 
ſuch a Column of Mercury being as heavy 
thirty-three Feet of Water. Accordingly E 
tried the Experiment in a Glaſs Tube (in th; n. 
Manner laid down, Chap. III. $. 4.) i 

found it to ſucceed . The Apparatus he mi WiW** 


A „ 


0 
be th 
Column of Air reſts, ſo the Baſe of the Column of Air my fo 
conſider'd as a Surface againſt which the Mercury preſſes. The; an 
two being equal, 'tis clear, that only the Relation of the Heizh: fre 
of the Columns are to be conſidered, and not that of their Baſe, 1 
ot 
7 Notwithſtanding this clear Proof of the Preſſure of the * 
moſphere, the Aſſertors of a Plenum would by no Means b 
prevailed upon to allow it to be ſuch; but tried all Wen 
account for this Phænomenon from ſome other Cauſe. The nab Pi 
chimerical Solution, and which at the ſame Time gave the W. 
verſe Party the greateſt Difficulty to overthrow it, was that o  < 
Linus. He contended, that in the upper Part of the Tube, ther Wn le 
is a Film, or Rope of Mercury, extended thro” the ſeeming V * 
Cuity, and that the reſt was ſuſpended by it, and kept from falling WW : 
into the Baſon ; and that this Film is able to ſupport abu WRAY © 
twenty-nine Inches of Mercury. He confirms his Hypothefs h a 
the following Experiment: Take, ſays he, a ſmall Tube, opa 7 


at both Ends, ſuppoſe about twenty Inches long ; fill this Tut 10 
with Mercury, ſtopping the lower Orifiee with your Thun: 


Then cloſing the upper with your Finger, and immerging ti „ 
lower in ſtagnant Mercury, you ſhall perceive, upon the e 
moval of your Thumb, a manifeſt Suction of your Finger into ti : 
Tube; and the Tube and Mercury will both ſtick ſo cloſe to it, f 
that you may carry them about the Room. Therefore, ff 5 
he, the internal Cylinder of Mercury in the Tube is not he 4 
up by the preponderant Air without; for if ſo, whence come 
ſo ſtrong a Suction, and ſo firm an Adhefion of the Tube“ EF 
your Finger ? | 8 
Or if you fill the ſame Tube almoſt full of Mercury, leaving! 2 
little Space of Air within, and then immerge it in the ſtagm * 


Mercury, you will find, that, notwithſtanding its Surfec: 1s 


ſome Diflance from your Finger, there will be a confiderab': v- 
| 11 
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| MEU of, is now the common Barometer, or 


„Weather Glaſs *. 

0 * s | * 

1 The Mercury ſtanding at a leſs Height, the 
+ WE nearer ĩtis carried to the Top of the Atmoſphere, 
tion of it, as before. From hence he infers, that the Finger ſup- 
ports the Mercury, by Means of the abovementioned Film, and 
1 that the Preſſure of the Atmoſphere is not concerned. 


But, when it was found, that the Mercury would not ſtand 

* ſo high in the Tube, on the Top of a Mountain, as below; 
and would quite fall, when the circumambient Air was extracted 
from it by the Pump, all Objections vaniſhed; and Linug's fu- 

BS nicular Hypothefis (as it was called) though it ſeemed to ſolve all 
other Phenomena relating to the Suſpenſion of the Mercury, was 
„vith Juſtice rejected. _ 
Kircher, when this new Doctrine of a Vacuum was firſt adyan- 

10 ced at Rome, contended, that the Authors of it were eſtabliſhing 
9 Principles not ohly repugnant to thoſe of Nature, but ſuch as 
1 would be prejudicial to the Orthodox Faith; as endeavouring to 
of | evince by this ſubtle Experiment, that there might be in Nature 
hecatum fine loco, accidentia fine ſubjecto, and therefore made the 


« Experiment with Water, in the following Manner. He cauſed a 
1 ſmall Bell to be fixed in/the upper Part of the Tube, imagining, 
l that, if there ſhould be a Vacuum, the Bell would not be made 
co ſound: But in making the Experiment, ſome Air got into the 
Tobe (for he tells us, that but ten Feet of Water remained in the 
i Tube, after it was inverted] the Bell therefore was heard to 
1 ſound ; and fo the Notion of a Vacuum, till more accurate Expe: 
* riments evinced the contrary, was exploded with Contempt. 

* Huygens obſerved, that, if a Tube ſeventy-five Inches long, 


was filled with Mercury well purged of its Air, the whole Quan- 
tity of Mercury would remain ſuſpended ; whereas, according to 
che Torricellian Experiment, the Mercury ought to have ſubſided 
WE to the Height of about twenty-nine' Inches. + MOT 
The Cauſe of this Phenomena ſeems to be; that, by the great 
Weight of ſo long a Column of Mercury, it was preſſed into ſo 
cloſe Contact with the Glaſs in pouring in, that by the mutual 
Ettraction of Coheſion between the Mercury and the Glaſs, tha 
whole Column was ſuſtained, after the Tube was inverted. 


M 3 (Chap. 
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(Chap. III. §. 7.) renders it uſeful in determi. 
ing the Height of Mountains; and finding gy 
the different Elevation of one Place above ang. 
ther. Accordingly, Dr. Halley has given us, 
Table for that Purpoſe, in the Philoſophicy 
Tranſactions N'. 18 1, ſhewing how many Fe 
each Inch in the Deſcent of the Mercury au. WM 
ſwers to, as it is conveyed to the Topofa Mou. 
tain, or other elevated Place. And Dr. Nett;n |<< 
has done the like in the Philoſophical Tranſ, 
tions Ne. 388, ſhewing what Number of Fe “* 
anſwers to each tenth Part of an Inch, fron RE 
twenty-ſix to thirty-one Inches of Mercury, 

But the principal Uſe of it is, to eſtim i © 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wes. 
ther, which are conſequent thereon. To thi 
End, Dr. Halley in the fame Tranſaction hu iſ 
alſo laid down the more remarkable Phen- 
mena, relating to the different Heights of the 
Mercury at different Times, together with the i 
Solution of each; which are ſo juſt, and p 
agreeable to true Philoſophy, that I doubt no 
but the Reader will excuſe me for giving bs 
Account in his own Words, rather than t 
render it imperfect, by endeavouring to var 
from it, or abridge it. 
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« 1. In calm Weather, when the Air is in» 
* clined to Rain, the Mercury is common 
© low. 
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8 <« 2, In ſerene, good, and ſettled Weather, 
the Mercury is generally high. 

3. Upon very great Winds, though they 
be not accompanied with Rain, the Mercury 

„ finks loweſt of all, with Relation to the 
Point of the Compaſs the Wind blows upon. 
© 4. Cæteris paribus, the greateſt Heights 
of the Mercury are found upon eaſterly and 
north. eaſterly Winds. 
5. In calm froſty Weather, the Mercury 
generally ſtands high. | 
6. After very great Storms of Wind, 


rally riſes again very faſt. 
75. The more northerly Places have greater 
ce Alterations of the Barometer, than the 
more ſoutherly. 
8. Within the Tropics, and near them, 
« thoſe Accounts we have had from others, 
and my own Obſervations at St. Helena, 
make very little or no Variation of the 
Height of the Mercury in all Weathers. 
Hence I conceive that the principal Cauſe 
of the Riſe and Fall of the Mercury, is from 
„the variable Winds, which are found in the 
* temperate Zone, and whoſe great Uncon- 
* ſtancy, here in England, is moſt notorious. 
4 . ſecond Cauſe is the uncertain Exhalation 
and Precipitation of the Vapours lodging in 
the Air, whereby it comes to be at one Time 
much more crouded than at another, and 
| M 4 con- 


when the Mercury has been low, it gene- 
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t conſequently heavier, but this latter in a get 
« Meaſure depends upon the former. No 
e from theſe Principles, I ſhall endeavour j 
<« explicate the ſeveral Phenomena. of the B. 
© rometer, taking them in the ſame Order! 
te Jaid them down. Thus, 

© 1, The Mercury's being low incline | 
© to rain, becauſe, the Air being light, the 
“ Vapours are no longer ſupported therely, 
e being become ſpecifically heavier than tie 
e Medium wherein they floated, fo that they 
<« deſcend towards the Earth, and in their Fal, 


meeting with other aqueous Particles, the 


* incorporate together, and form little Drops 
* of Rain; but the Mercury's being at one 
« Time lower than at another, is the Effed df 


two contrary Winds blowing from the Place if 


© where the Barometer ſtands ; whereby the 


« Air of that Place is carried both Ways fron 
ce it, and, conſequently, the incumbent Cylin- Wl 


ce der of Air is diminiſhed, and accordingly the 


ce Mercury ſinks: As for Inſtance, if in tie 
% German Ocean it ſhould blow a Gale «i 
« weſterly Wind, and at the ſame Time a 
« eaſterly Wind in the 1ri/þ Sea; or if nM 


& France it ſhould blow a northerly Wind 
«and in Scotland a ſoutherly ; it muſt be 


« granted, that that Part of the Atmoſphere, Wi 
e impendant over England, would thereby i! 
* exhauſted and attenuated, and the Mercury 


would ſubſide, and the Vapours, which be 


ce foe 
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© fore floated in thoſe Parts of the Air of 
« equal Gravity with themſelves, would ſink 
« to the Earth. 

« 2, The greater Height of the Barometer 
« is occaſioned by two contrary Winds blow- 
ting towards the Place of Obſervation, where- 
« by the Air of other Places is brought thither 
« and accumulated ; ſo that the incumbent 
« Cylinder of Air, being encreaſed both in 
« Height and Weight, the Mercury preſſed 
« thereby muſt needs ſtand high, as long as 
« the Winds continue ſo to blow ; and then 
« the Air being ſpecifically heavier, the Va- 
« pours are better kept ſuſpended, ſo that they 


** 


have no Inclination to precipitate and fall 

dove in Drops, which is the Reaſon. of the 

BS ſerene good Weather which attends. the 
4 greater Heights of the Mercury. 


© 3. The Mercury ſinks the loweſt of all by 


the very rapid Motion of the Air in Storms 


of Wind. For the Tract or Region of the 
« Earth's Surface, wherein the Winds rage, 


not extending all round the Globe, that 
„ ſtagnant Air which is left behind, as like- 
W © wiſe that on the Sides, cannot come in ſo 
8 © faſt as to ſupply the Evacuation made by ſo 
= © ſwift a Current, ſo that the Air muſt neceſ- 
BS © farily be attenuated, when and where the 
= © ſaid Winds continue to blow, and that more 
or leſs, according to their Violence: add 

© © to which, that the horizontal Motion of the 


6c Air 
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« Air being ſo quick as it is, may, in all Pr. 
« bability, take off ſome Part of the perpendi. 
« cular Preſſure thereof; and the great Agi. 
er tation of its Particles is the Reaſon Why the 
« Vapours are diſſipated, and do not condenſ 
« into Drops, ſo as to form Rain, otheryif 
« the natural Conſequence of the Air's Rar. 
« faction . 

4. The Mercury ſtands the higheſt up 
« the eaſterly and north-eaſterly Wind, he. 
te cauſe in the great Atlantic Ocean, on this 
« Side the thirty-fifth Degree of north Lat 
« tude, the Winds are almoſt always weſter. 
« ly or ſouth-weſterly ; ſo that, whenever 
« here the Wind comes up at eaſt and north. 
te eaſt, tis ſure to be checked by a contrary 
« Gale as ſoon as it reaches the Ocean ; where- 
© fore, according to what is made out in our 


« ſecond Remark, the Air muſt needs be heay- 


+ The Reaſon the Doctor afligns for the ſinking of the Me. 
cury the loweſt of all in violent Storms of Wind, ſeems not (uf- 
ficient. Perhaps it may be better accounted for thus; the Cauſ 
why the Wind blows at all, is in order to reſtore the Æguilibriu 
of the Atmoſphere, when loſt (as may be inferred from what ws 
ſaid in the firſt Note of this, and will be more largely explainedin Wa 
the following Diſſertation ;) it therefore always blows toad Wai 
that Point, where the Air is moſt rarefied and lighteſt. Now the Wn « 
Air, in its Progreſs to that Point, muſt certainly move faſter ani 
faſter ; for the Cauſe, which gave it Motion at firſt, continues u 


act upon it all the Way. Conſequently, in whatever Place th: JR © 
Wind blows with great Rapidity, that Place is at, or near te « 
Point, where the Air is moſt rarefied, and lighteſt ; which v1 Bp 
ſufficient Reaſon for the Mercury's ſtanding low at that Place. BR 


cc ed * 
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« ed over this Iſland, and conſequently the 
Mercury muſt ſtand high, as often as theſe 
Winds blow. This holds true in this Coun- 
try, but is not a general Rule for others, 
„here the Winds are under different Cir- 
cumſtances; and I have ſometimes ſeen the 
Mercury here as low as twenty-nine Inches 
upon an eaſterly Wind, but then it blew ex- 
„ ceeding hard, and ſo comes to be accounted 
« for, by what was obſerved upon the third 
= < Remark, | 

* © 5. In calm froſty Weather the Mercury 
generally ſtands high, becauſe (as I con- 
ceive) it ſeldom freezes, but when the Winds 
come out of the northern, and north-eaſtern 
© « Quarters ; or, at leaſt, unleſs thoſe Winds 
blow at no great Diſtance off: For the 
EX < north Parts of Germany, Denmark, Swe- 
aden, Norway, and all that Tra&t from 
„ whence. north-caftern Winds come, are 
ſubject to almoſt continual Froſt all the 
Winter; and thereby the lower Air is very 
much condenſed, and in that State is brought 
= © hitherwards by thoſe Winds, and being ac- 
cCcumulated by the Oppoſition of the weſter- 
iy Wind blowing in the Ocean, the Mer- 
8 © cury muſt needs be preſſed to a more than 
ordinary Height; and, as a concurring 
= © Cauſe, the ſhrinking of the lower Parts of 
= © the Air into lefler Room by Cold, muſt 
2 | «© needs 


needs cauſe a Deſcent of the upper Park 


cc 
4 


2 47855 very faſt: I once obſerved it to ri 


having a greater Declivity. 
not therly Places, as at Stockbolm, greater 
 chal;) becauſe the more northerly Pat 


the more ſoutherly, whereby the Mercury 
ſhould ſink lower in that Extream ; and 


the Atmoſphere, to reduce the Cavity made 

by this Contraction to an /Eguilibrium, 

cc = After great Storms, when the Mer. 
ry has been very low, it generally riſ 


Tk RE 


one Inch and a half in leſs than fix Hour, 
after a long continued Storm of -ſouth-yet 
Wind. The Reaſon is, becauſe the Air he. 
ing very much rarefied,” by the great Eu. 
cuations which ſuch continued Storms make 
therebf, the neighbouring Air runs, in the 
more ſwiftly, to bring it to an Aquiibri. 
um; as we ſee: Water runs the faſter for 


The Variations are greater in then more 


Z. e . MH 


than that at Paris (compar d by M. Pg 


have uſually greater Storms of Wind than 


then the northerly Winds bringing the mom 
denſe and ponderous Air from the Neigh- 
bourhood of the Pole, and that again being 
cheeked by a ſoutherly Wind at no great 
Diſtance, and ſo heaped, muſt of Neceſit 
make the Mercury in ſuch Caſe ſtand higher 
in the other Extream. 
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8. Laſtly, this Remark, That there is lit- 
te or no Variation near the Equinottial, 
« does above all others confirm the Hypot be- 
%% of the variable Winds being the Cauſe of 
( theſe Variations of the Height of the Mer- 
AE < cury ; for, in the Places above-named, there 
te js always an eaſy Gale of Wind blowing 
« nearly upon the ſame Point, vig. eaſt-north- 
« eaſt at Barbadoes, and eaſt-ſouth-ealſt at St. 
Helena *, ſo that, there being no contrary 
# ©< Currents of Air to exhauſt or accumulate 
it, the Atmoſphere continues much in the 
« ſame State: However, upon Hurricanes (the 
« moſt violent of Storms) the Mercury has 
te been obſerved very low, but this is but 
© once in two or three Years, and it ſoon re- 
e covers its ſettled State, about 29 3 Inches.“ 


Monſieur Leibnitz accounted for the De- 
{cent of the Mercury before Rain, upon an- 
other Principle +, vig. as a Body ſpecifically 
lighter than a Fluid, while it is ſuſpended. by 
it, adds more Weight to that Fluid, than 
when, by being reduced in its Bulk, it be- 
comes ſpecifically heavier, and deſcends ; fo 
the Vapour, after it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 
the Air, than before; and therefore the Mer- 


dee the Cauſe of this aſſigned in the following Diſſertation. 


T Memoir. de VAcz9. 1711. 
cury 
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cury falls. To which it is anſwered, if 
That, when a Body deſcends in a Fluid, its a 
tion, in a very little Time, becomes uniform 
(or nearly ſo) a farther Acceleration of it h. 
ing prevented by the Reſiſtance of the Fluid 
and then, by the third Law of Nature, it pref 
ſes the Fluid downwards, with a Force equi 
to that whereby it tends to be farther accele 
rated, that is, with a Force equal to its who} 
Weight. 2dly. The Mercury, by its Deſcem 
foretells Rain a much longer Time before 1 
comes, than the Vapour, after it is condenſg 


into Clouds, can be ſuppoſed to take up n 
falling. 3dly. Suppoſing that as many V+ iſ 


pours as fall in Rain, during the Space of 


whole Year, were at once to be condenſe 


into Clouds, and even quite ceaſe to gravitat 
upon the Air, its Gravity would ſcarce be d- 
miniſhed thereby, ſo much as is equivalent 
to the Deſcent of two Inches of Mercury in 


the Barometer. Farther, in many Places be. 


tween the Tropics, the Rains fall at certan 
Seaſons, in very great Quantities , and yet th: 
Barometer ſhews there very little or no A 


ration in the Weight of the Air. 


The following are Mr. Patrick's Obſervi Wn 
tions on the riſing and falling of the Mercury. Bt 
They are very juſt, and are to be accountel I 


* See Diſſertation the VIth. 


* 
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bor on the ſame Principles with thoſe of Dr. 


Halley. 
« 1. Therifing of the Mercury preſages in 


. general fair Weather; and its falling, foul 
Weather; as Rain, Snow, high Winds and 


© Storms. AY 
« 2, In very hot Weather, the falling of 


. the Mercury foreſhews Thunder, 


« 2, In Winter the riſing preſages Froſt ; 


and in froſty Weather, if the Mercury falls 
three or four Diviſions, there will certain- 
h follow a Thaw. But in a continued 
8 < Froſt, if the Mercury riſes, it will certain- 
h. ſnow. 


« 4, When foul Weather happens ſoon after 


the falling of the Mercury, expect but little 

of it, And, on the contrary, expect but 

little fair Weather, when it proves fair 
ſhortly after the Mercury has riſen. 


* 5. In foul Weather, when the Mercury 


“ riſes much and high, and ſo continues for 
two or three Days before the foul Weather 


is quite over, then expect a Continuance of 
“ fair Weather to follow. 


* 6. In fair Weather, when the Mercury 


falls much and low, and thus continues for 
= two or three Days before the Rain comes; 
then expect a great deal of wet, and pro- 


47. The 
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« 7. The unſettled Motion of the Merem Wi 
te denotes uncertain and changeable Weather 
« 8, You are not ſo ſtrictly to obſerve th 
« Words engtaved on the Plates (though, fi 
the moſt Part, it will agree with them) z 
ce the Mercury's Rifing and Falling : For if 
te it ſtands at Much Rain, and then riſes up 
* to Changeable, it preſages fair Weather, a 
5 though not to continue ſo long, as it would 
* have done, if the Mercury were higher; 
* And ſo on the contrary, if the Mercun 
* ſtood at Fair, and falls to Changeabl,, i 
e preſages foul Weather; though not ſo much 
c of it, as if it had ſunk down lower.” 


or 
Joe 
DN 


ve 


From theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury 
in the Tube, that indicates the Weather, as the 
Motion of it up and down; wherefore in Or- 
der to paſs a right Judgment of what Weather 
is to be expected, we ought to know, whe- 
ther the Mercury is actually Riſing or Falling 
to which End, the following Rules are ol 
Uſe. 


1. If the Surface of the Mercury is convex, 
ſtanding higher in the Middle of the Tube 
than at the Sides, it is generally a Sign that 
the Mercury is then riſing, 


2. If the Surface is concave, or hollow in 
the Middle, it is ſinking. And, 
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3. If it is plain, the Mercury is ſtationary, 
or rather, if it is a little convex ; for Mercury 
being put into a Glaſs Tube, eſpecially a ſmall 
Wone, will naturally have its Surface a little con- 
rex; becauſe the Particles of Mercury attract 
each other more forcibly than they are attract - 
ed by Glaſs. Further, er! 
4. If the Glaſs is ſmall, ſhake the Tube; 
End if the Air is grown heavier, the Mercury 
will riſe about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, 
Tit will fink as much. This proceeds from the 
Mercury's ſticking to the Sides of the Tube, 
BS which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
an Obſervation is to be made with ſuch a Tube, 
Sit ought always to be ſhaken firſt; for ſome- 
times the Mercury will not vary of its own 
Accord, till the Weather, it ought to have in- 
dicated, is preſent. |: - = — 


The Uſefulneſs of knowing whether the 
Mercury is actually riſing or falling, and the 

Advantage that would ariſe from perceiving 

the moſt minute Variations in eſtimating the 
, WE Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
Went from the Torricellian, though founded on 
the ſame Principle; wherein the Scale of Vari- 
Nation, which in that is not above three Inches, 


N ſhould 
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ſhould be conſiderably larger. Of which 1 
now to give fome Account. 

1. The firſt is that of Des Cartes, which wy 
made in the Form expreſſed, Fig. 28. when 
AB is a Tube hermetically * ſealed at A, 20 
having its lower Orifice immerged in ſtagny 
Mercury E F, and filled with the fame Fly 
to G, from thence to H with Water, and emp. 
ty. from thence to the Top. Now, when th 
Mercury riſes in this Tube, ſuppoſe from Gt 
L, the Water will be raiſed in the ſmall Tube 
perhaps from H to M, viz. as many Time 
further, as the Tube CA is ſmaller than CD 
by which Means the Variations become mug 


more ſenſible, than they are in the commu 


Barometer. The Inconvenience of this ws 
that the Air, included in the Water, gettin 
looſe by Degrees, filled the void Space at th 
Top, and ſo ſpoiled the Machine. 


2. He then contrived it thus, ABC ( Fig. 29) 


is a bent Tube hermetically ſealed at A, fillk 


with Water from F to D (tinged with Au 


Regia to prevent is freezing) from D to E wil 
Mercury, and empty from thence to the Top 
Then, upon the Mercury's rifing, ſuppoſe fron 


* A Tube is ſaid to be hermetically ſealed, when the Endiih 
cloſed, that nothing can poſſibly evaporate through it. And, 
cauſe this is beſt done, when it is cloſed up with its own WW 
ſtance z or when its Bore does not reach quite to the End of it, , 


E | 
4 | X 


is then ſaid to be hermetically ſealed. 


Chapter I. 5. 9. 
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E to M,. and falling as much at D, the Surface 
Jof the Water at F would fink ſo many Times 
E farther than the Surface of the Mercury at D, 
Jas the Tube CG was ſmaller than GH. The 
Water here is liable to evaporate, though that 
may, in ſome Meaſure, be prevented, by pour- 
Jing a few Drops of Oil of ſweet Almonds 
Wupon it. Others have contrived, 


3. The Horizontal or Rectangular Barome- 


ter (Fig. 30.) hermetically ſealed at A, and 
filled with Mercury from D to E; then, as the 
Wpper Surface of it riſes in the Tube, ſuppoſe 
rom E to F, the lower will be driven from D 
Wo G, as many Times farther, as this Part of 
the Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
pehind. This Inconvenience is remedied in, 


4. The Diagonal Barometer ABC (Hg. 31.) 


herein the Mercury, inſtead of riſing from B 


o D (ſuppoſe that Space to correſpond to the 


Paale of Variation in a ſtrait Tube) will riſe 


om B to A; for it will always ſtand at the 
Eme perpendicular Height, whatever be the 
nclination of the Tube ; becauſe Fluids preſs 


Faly according to their perpendicular Alti- 


gude *, But AB the upper Part of the Tube 
Nuſt not be too much inclined, leſt the Mer- 


| ury break in it, as in the former. 


N 2 5. AB 


— — — — — — — — — — — — — _ 
— — r — — — — ——ßö——(U — 
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5. AB (Fig. 32.) is Dr. Rook's Wha. 
Barometer, wherein ABD is a Tube fllt 
with Mercury from a to E; a is an Iron B 
ſwimming on the Surface of the Mercury; thi 
as it ſubſides with the Surface of the Mea 
draws the little Wheel n round, to whe 
Circumference it is fixed by Means of t 
String ac*: This Wheel carries the Ind 
F ROY points to the graduated Edge 
the Circle KL, and by its Motion ſhews th 
moſt minute Variations of the Mercury. Wha WW: 
the Ball @ is raiſed by the Mercury on whic 
it ſwims, the Index is drawn the contm 
Way by a leſſer Ball 3, which hangs on th RF" 
on the other Side the Wheel. The Pran 8! 
in this Machine, unleſs it be made with ret 
Accuracy indeed, renders it uſeleſs. 

6. The pendant Barometer is another Cor 8 
trivance to render the Variations more ſenſi v 
It conſiſts of a ſmall conical Tube, (repreſent Wi th 
ed Fig. 33.) hermetically ſealed at A, and fin | 
with Mercury from C to D, and empty fra v. 
thence to A. Now, ſuppoſing the Gravitya th 
the Air encreaſed, it will raiſe the Merci 
higher in the Tube, and fo force it into a h. v 
rower Part; by which Means the Column Wi Pr 
coming longer, its perpendicular Preſſure aeg 
the Air below will be proportionably encreal. 


The Tube is ſmaller at à than at E, that the greateſt Vat | I A 
tion may be at that Surface of the Mercury on which che Wall 
reſts. 


4% 
2 
N 
7 
- 
1 
* 4 


- * 
———— 


Parts, the one AB (Hg. 24.) the 
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Jon the contrary, when the Air becomes light- 
Fer, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has the Length 
Hof its Column proportionably contracted. The 
inconvenience that attends this Barometer, is 
chat the Tube muſt be very ſmall, otherwiſe 
W the Mercury will fall out; or the Air will be 
I apt to get into it, and divide the Column in 
W cveral Places; and when the Tube is very 
W ſmall, the Friction of the Mercury againſt the 
Sides of it, will hinder it from riſing and fall- 
ing freely. | Vo 


7. Dr. Hook, obſerving how unfit the com- 


mon Barometer was to be uſed on Board of 

Ship, by Reaſon its Poſition ought to be ſteady, 
= contrived the following one, called, from its 
e, a Marine Barometer, conſiſting of two 


* 
. 


common 


* 


Spirit Thermometer, the other CD, a Tube fil- 
led with Air from C to E, and from thence to 
the End D with tinged Water. This End is 
immerged in the fame Fluid contained in the 

Veſſel GF; and having its Surface expoſed to 
the Preſſure of the external Air. Now, the laſt 
of theſe Machines will be affected both by the 

Warmth of the external Air, and alſo by its 

Preſſure: The former dilating the Air includ- 

ed in CE, and by that Means driving the Wa- 


er downwards; the latter preſſing it up higher 


| 


in the Tube: Whereas the other, viz. AB, is 
alfected by the Warmth of the Air alone. Con- 


N 3 ſequently, 
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ſequently, were theſe Inſtruments graduate 
ſuch a Manner, that, if the Gravity of the e. 
ternal Air ſhould always remain the famej 
was when the Inſtruments were made, the, 
Variations (then only depending on its Warn 
ſhould exactly correſpond with each other: 
that is, when the Spirit in the Tube 4} 
ſhould aſcend to 1, the Water in CD hull 
deſcend to 1, &c. Then, whenever their V 
riations ſhould be obſerved to differ from ed 
other, the Difference could only be aſcribe 
to ſome Alteration in the Preſſure of the . 
upon the Surface of the Water in the Vell 
GF. In Proportion therefore as the Dit. 
rence is greater, or leſs, ſo is the Alteration 
the Gravity of the Air, from what it was whi 
the Inſtruments were adjuſted. For Inſtan, 
when the Water ſtands above the Diviſn, 
which correſponds to that, which the Spit 
points to in the other Machine, it is an Ind 
cation, that the Preſſure of the Air is great 


at that Time, than when the Inſtrumem 


were graduated, and vice verſd, 


This Machine is not only more uſeful: 


Sea, than the common one, as not requirii 
a ſteady Poſition ; but may have its Scale 
Variation conſiderably enlarged, by makiy 


the Bore of the Tube CD very ſmall, in Pu f 


portion to the Capacity of its Head C. 
Bi 


. 2 > IDO» 0 woe =& 5 oY 72 
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But it is obſerved, that, in long keeping the 
instrument, the included Air loſes ſomewhat 
of its Elaſticity ; whereby, in Proceſs of Time, 
the Water ſtands higher than it ought, and 
S therefore indicates the Gravity of the Air to 
be greater than what it is. : 
nn the Philoſophical Tranſactions, Ne. 4.27. 
I have given an Account of a Barometer, 
wherein the Scale of Variation may be en- 
creaſed ad Infinitum. The Deſcription of it 
ss as follows : ABCD (Fig. 35.) is a cylin- 
drical Veſſel, filled with a Fluid to the Height 
W, in which is immerged the Barometer 
= 5 V, conſiſting of the following Parts: The 
principal of which is a Glaſs Tube TP, (re- 
WS preſented ſeparately at 7p) whoſe upper End 
WET is hermetically ſealed : This End does 
not appear to the Eye, being received into 
che lower End of a Tin Pipe G H, which 
in its other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
& IP. This Rod ST may be taken off, in 
order to put in its ſtead a larger, or leſſer, 
BE as Occaſion requires. 8 is a Star at the Top 
of the Rod 'ST, and ſerves as an Index, by 
pointing to the graduated Scale L A, which is 
fixed to the Cover of the Veſſel A BCD. 
MN is a large cylindrical Tube made of 
Tin (repreſented ſeparately at mn) which 
© receives in its Cavity the ſmaller Part of 
the Tube TP, and is well cemented to it 
N 4 at 
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at both Ends, that none of the F luid mz vet 
in. 

The Tube TP, with this Apparatus, bein 
filled with Mercury, and: plunged into th 
Baſon V, which hangs by two, or more Wir 
upon the lower End of the Tube MN, mut 
be ſo poized, as to float in the Liquor con. 
tained in the Veſſel ABC D, and then th 
whole Machine will riſe, when the. Atmo- 
ſphere becomes lighter, and vice verſa. 

I ſhall here add a Computation, in order ty 
ſhew 'the .Poſſibility of the Variation. being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and. withal the 
Reaſon why it may be ſo. . Thoſe who would 
ſee a Mathematical Proof of it, may dun 


the Note belolt b. 2182 30 
| A $173 07: 2300 1 
> _— I 1 ere ft Nr nm | 


i Let the ſpecifi Gravity of Quidklyo 10 to het of Wite, 


or to the rs the Barometer floats in, as 5 to 1; and if it bt 


the given Ratio of 181 1, this Effect v wi -be nie b — 
the ] Ay: of wy Rod STI 0 the Diat leter of the Cay y > the 


$4 
Tube HI, as i 


to 5 which ney be thus. — 


Let us ſuppoſe, uk the Variation in the Height of the Quick 
nl ver in the common Barometer, which we will call w, is ſuch, 
that a cubic Inch of Quickſilver ſhall riſe into the Vacuum NT; 
in order to which, a cubic Inch of Quickſilver muſt riſe fron 
the Veſſel V; chat is, the Surface P muſt fubſide ſo far, that 
cubic Inch of Water {if that be the Fluid made Uſe of] fhall 
enter the Veſſel V, by which Means the Barometer with the 
Parts annexed will be heavier by a | cubic Inch of the Fluid. 


Noy 


2 4 lev. h 70. 
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of is Water, and that the given Variation in 
the Weight of the Atmoſphere is ſuch, that, 
| Yor (bes by 
Now this additional Weight of a cubic Inch of Fluid, will 
make the whole Barometer ſubſide (according to the Law of Hy- 
droſtatics) till a cubic Inch of the Rod H S, immediately extant 
above the Surface at W, ſhall come under it; but the Length of 
E ſuch a Magnitude of HS will exceed the Length of an equal Mag- 
nitude of Quickſilver in the larger Tube X, as many Times as the 
square of the Diameter at X exceeds the Square of the Diameter 
© at H (the Lengths of equal Cylinders being reciprocal to their 
| Baſes.) That is, the perpendicular Deſcent of the compound Ba- 
rometer will be to v, the perpendicular Aſcent of the Mercury 
in the common Barometer,” as 4 to 1 {ſuppoſing this the Ratio 
of their Bafes) and conſequently will be equal to dw. ; 
But, by this Deſcent, the Diſtance PW, between the Surface of 
me ſtagnant Quickſilver and the Top of the Fluid, will be aug- 
Wmented by a Column, whoſe; Height is dv, the Deſcent of the 
compound Barometer; and conſequently the Weight of the whole 
Column of the Fluid preſſing on the lower Surface of the Quick- 
Wfilver (to which the Height & is partly owing). will be encreaſed 
by a Column of- that Length; and this Increaſe would produce a 
econd Aſcent of the Mercury at X equal to itſelf, namely, dw, 
ere the Fluid as heavy as Quickſilver ; but ſince it is ſuppoſed to 
oe lighter in the Ratio of 5 to 1, the Aſcent of the Quickſilver, 
75 ; l — 28 a 4 4 „ | 
ll only be —. 
* Te 7 Lact 
But now, as in the former Caſe, when the Aſcent of the Mer 
rury was v, the Deſcent of the compound Barometer was ſhewn 


on this Account, wi 


| Ir i ; * AS i day 
Wo ve dv ; ſo here, the Aſcent of the Mercury being —, the De- 
| NA e 2144 7 


Went of the compound Barometer will be , and the next De- 
p dddy e 31272. 


and the next , and ſo on to Infinity, There- 
SS s 3 

Pre the whole Deſcent of the compound Barometer, is to the AC 
ent of the Mercury in the common Barometer, that is, u is to t 
dd ddd 44% is Wes s 

1+ —+—+—-+, Cc. to 1, or as — to 1; be. 
I s \J8#? 1 "wa. 3 3 


—— 


; uſe, the Terms of the Series being in geometri 


7 ent 


cal Proportion, 
the 


Let it be ſuppoſed, that the Fluid made uſe 


—— —_— — 
> — 


— 
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15 | 
Diameter of HI, as /—to 1, that is, as 30 to 29 nearly. | 
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by preſſing upon the Surface of it at W, the du. 
face of the Mercury at X may be raiſed an Ing 
higher (meaſuring from its Surface at P) ty 
before; and that the Breadth of the Cavity of 
the Tube at X, and of the Baſon at P are (wg 
that, by this Aſcent of the Mercury, there ma 
be a cubic Inch of it in the Cavity X mg; 
than before, and conſequently in the Baſon: 
cubic Inch leſs. Now, upon this Suppoſition 
there will be a cubic Inch of Water in the R. 
ſon more than there was before; becauſe th 
Water will ſucceed the Mercury to fill up is 
Place, Upon this Account the whole Mz. 
chine will be render'd heavier than it was he. 
fore, by the Weight of a cubic Inch of W.. 
ter, and therefore will fink, according to the 
Laws of Hydroſtatics (Chap. II. F. 5. ) till 
cubic Inch of that Part of the Rod WS, which 


my 


* a . . 
= om TORnr ww T" MF T7 - co ia Qi coo cw Doo Sth. tt Lode a 


as 20+ as | 
the Sum of them all is . Hence we have # = , and ther {a 


$—d a We —4 . = 
fore ns ds + dn; that is, 1:d::nb+5:n:: —:1; WE 


| s = 
and therefore, by extracting the ſquare Roots of each Term n | 
the Proportion, 1: y/ (that is, the Diameter of ST to tit b 


L ? 
to 1. Q. E. D. 
15 | 39941 
Example 1. Putting : = 14 and # == 1, the Variation in excl 
Barometer will be equal, by taking che Diameter of 8 To ttt 


Diameter of HI) as / 


n 1 1 — 1 a_—— a « a 


Example 2. If x be put infinite, the Diameter of ST wil Wt 


to the Diameter of HI, az /— to 1, or 1 to 143 that is, 1 
WW . 


as 1 to 3 + nearly. 5. 


* 93 — _ mx 


( 
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was above the Surface of the Water at W, 
comes under it. Then, if we ſuppoſe this Rod 


fo ſmall; that a cubic Inch of it ſhall be four- 
teen Inches in Length, the whole Machine 


Vill fink fourteen Inches lower into the Fluid 
than before, and conſequently the Surface of 


the Mercury in the Baſon will be preſſed more 
than it was before, by a Column of Water 
fourteen Inches high. But the Preſſure of 


| | fourteen Inches of Water is equivalent to one 
of Mercury (becauſe Water is about fourteen 
Times lighter than Mercury); this additional 


Preffure therefore will make the Mercury aſ- 


cend at X, as much as the ſuppoſed Variation 


in the Weight of the Air did at firſt. This Aſ- 
cent will give Room for a ſecond cubic Inch of 


Water to enter the Baſon ; the Machine will 
| therefore be again rendered heavier by the 


Weight of ſo much Water, and accordingly 
will ſubſide fourteen Inches farther. This will 


& occafton another additional Preſſure of Water, 


which will raiſe another Inch of Mercury, and 
make the Machine fink fourteen Inches more, 
and ſo on, without ever approaching nearer to 
an Aquihbritm with the external Air: And 
therefore a Scale, anſwering to the Variation of 


$ this Barometer, ought ſtrictly and properly to 


be of an infinite Length; becauſe, after this Ba- 
rometer has ſunk or riſen thouſands of Miles 
(if that were poflible) it would ſtill have the 
fame Tendency to fink or riſe on, as when it 
firſt ſet out. 


Now 


rr 3 _— ho - 
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Now, was the Rod WS ſo ſmall, that a cut 
Inch of it ſhould be more than fourteen Inches 
long (the other Parts remaining as was f 
poſed above) the Variation in this Baromet 
would be more than infinite, or negative wit 
Reſpect to thoſe of the common Baromete 
The Meaning of which is, that whereas, in th 
common Barometer, the ſuſpended Column d 
Mercury, by its riſing or falling, approachs 
nearer to an Ægquilibrium with the extern; 
Air, this Barometer would continually receg 
from an MÆquilibrium with it; ſo that the fx. 
ther it ſhould move up or down, inſtead of a. 
quiring by that Means a leſs Tendency to moe WY: 
on, as the Mercury in the common Baromete: WS | 
does, it would acquire a greater. Wi, 
On the contrary, when a cubic Inch of tte 
Rod is leſs than fourteen Inches in Length, Wi * 
the Variation will be finite; and may be mad: WR « 
to bear any Proportion to thoſe of the comma 
Barometer whatever, as demonſtrated in the 
toregoing Note, A 1 


While Jam writing this, another Method 
occurs to me of making a Barometer, wherein Jl | 
the Scale of Variation ſhall bear any Propor- JW : 
tion to that of the common one. It is th: 
Let there be a compound Tube, as ABC (by 
36.) hermetically ſealed at A, and open at C 
empty from A to D, filled with Mercury fron Bw : 
thence to B, and from thence to E with N 
r: 
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ter: Then, if the Tube FC be a little more 


than five Times leſs in Diameter than the Tube 


FA, the Variation in the lower Surface of the 
Water at E will be infinite ; if it be above ſo 


1 many Times leſs, it will be more than infinite, 


otherwiſe it will be finite. See the Demon- 
tration in the Note *. 
| : That 


Let & denote a given Variation in the common Barometer, x 
the correſpondenc Variation at E ſought. Let the Ratio of m to 
1, expreſs that of the ſpecific Gravity of Mercury, to that of Wa- 
ter; and 4 to 1, that of the Diameter of the Tube FA to FC. 
Then the Variation at E, the lower Surface of the Water, bein 


| | ſuppoſed x, the Variation of it at B, the upper Surface of it, wil 
X 


be —, and conſequently GE, the Difference of the Legs EK and 
ad x 
KB, will vary x + 


—, Again, the Variation of the Surface of 
dd 


dme Mercury at B will be the ſame with that of the Water in the 


* 
ſame Place, viz. — ; and, if the Tube is of the ſame Diameter 
4 
at D, as at B, the Variation of the Surface at D will alſo be the 
Ka | 


7 ſame, that is, a The Sum of both Variations, or the Variation 


ad 2 * 


of HD the Difference of the Legs, will therefore be —. Now the 


dd 

Preſſure of the Mercury and Water together upon the Air at E, is 
owing to the Lengths of BD and GE; and fince one of theſe will 
always ſhorten, when the other lengthens, the Variation in their 
Preſſure will depend on the Variation of the Difference of their 
Weights, that is, of the Difference between the Weight of x1- 
x 2x x 

—and of —. But the Weight of x + — (being the Weigh 

dd ad a Ty Rag che Weight of 


a Column of Water) compared to that of a Column of Mercury of 
| x 
* 


the ſame Length, is only The Difference therefore 


mn between 
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That the Variation in this Barometer me 


be infinite, will appear from the followin 
Computation. 

Let the Proportion between the Bores of th, 
Tube A F and F C be ſuch, that when Hh 
the Difference of the Legs wherein the Me. 
cury is contained, is augmented one Inch, Gg 
the Difference of the Legs wherein the Wan 
is contained, ſhall be diminiſhed fourteen, 
then, as much as the Preſſure of the Mercy 
is augmented, that of the Water will be dim. 
niſhed, and ſo the Preſſure of both taken toge. 
ther will remain as it was. And conſequenth, 
after it has began to riſe, it will always haue 
the ſame Tendency to riſe on, without eve 
coming to an Æguilibrium with the Air, 

How far this Barometer will ſucceed in Prac- 
tice, muſt be left to Experience to determine 


' * 

4 8 5s * 2 | 

fl between and — will be always equal to the Variation ui 

„ 2 ad | 

| x 

* ad 

5 the common Barometer, and therefore — =o, andi 

18 4 m 


| dA 
the common Method of Reduction, x = 


: That Is, ol 

2m—dd—1 
vr: nd: 2m—dd—1. Now, if we put m==14, and 4==;,% Þ 
—4d and—1 will be as much as 2m, and therefore a==y/ —?) 
will be equal to nothing; and ſo x being by the Proportion » RE 
many Times more than v, as mad is than nothing, tis infinite. BY 
And if n be put==14, and d=5, dd will be equal to 30 
and 2m—dd—1=2 ; and therefore the Variations in this Cit BY 
will be to thoſe in the common Barometer, as 175 to 0h 1 
| r0- F 
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4 robably, if the Bore of the Tube FC be made 
cry ſmall, viz. about the twentieth Part of 
Wn Inch Diameter, the Air will not aſcend 


rough the Water, as it is apt to do through 


he Mercury in the pendant Barometer; and 
he Smallneſs of the Bore will not prevent the 
ater from moving, near ſo much as it does 
the Mercury in that Barometer. 
There is an Improvement of another Kind 
in the common Barometer, whereby it is ren- 
Wcred portable. The Tube containing the 
Mercury, inſtead of having its lower End im- 
merged in a Veſſel of that Fluid, has it tied 
p in a leathern Bag, not quite full of Mer- 
rury. And though the external Air cannot 
et into the Bag to ſuſpend the Mercury in 
the Tube, by preſſing on its Surface, as in the 
common one; yet it has the fame Effect by 
Preſſing on the Outſide of the Bag, which, 
Peing pliant, yields to the Preſſure, and keeps 
Phe Mercury ſuſpended in the Tube at its pro- 
per Height. This Bag is generally incloſed 
ina little Box, through the Bottom of which 
J paſſes a Screw; with this Screw-the Bag may 
e compreſſed, ſa as to force the Mercury up 
eo the Top of the Tube; which keeps it ſteady, 
nd hinders it from breaking the Tube by 
Faſhing againſt the Top when it is carried 
bout, as it otherwiſe would be apt to do. 


See 
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See more on the Subject of this Diſſertatiy, 
Moidleri Inſtitutiones Mathemat. p. 608. M. 
chior Verdries Phyſ. Pars ſpecialis, Cap. IV. 
$. 15. Mr. Paſchal's Traité de VEquiliby 
des Liqucurs. Sinclair's Ars magna Gravitas 
& Levitatis. Mariotte's Second Eſſay de h 
Nature de l' Air. Philoſoph. Burgund. Tom. Il 

. 850. Sæul's Treatiſe on the Baromete, 
Re gnault's Philoſoph. —__ 22. Clare 
Motion of Fluids, p. 141. Mem, de I Ac, 
1705, 1711. Philoſophical Tranſactions N. 
9, 10, 11, 55, 86, 91, 165, 181, 1835, 209, 
229, 236, 237, 240, 243, 269, 351, 366, 
385, 388, 405, 406, 427. Cotes's Hydro- 
ſtatical and Pneumatical Lecture. Led, », 
With ſeveral other Authors referred to in Mr, 
Tobnſon's * eee Cap. VI. 


Quæſt. 36, 37. 
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„5 
| DISSERTATION V. 


Of the Origin of the Winds. 


„E Wind is no other than the Motion 
= of the Air upon the Surface of the 
lobe. Some of the Ancients took it to be 
Air, ruſhing out of the Bowels and Cavities 
pf the Earth: And others thought it an Ex- 
halation from its Surface. But theſe are Hy- 
Wotbeſes too chimerical to ſtand in Need of a 
particular Confutation. Some of the Moderns, 
ho held a Plenum, have accounted for it thus: 
They imagined, that the Air being confined 
above, as it muſt be, if we ſuppoſe a Plenum, 

would, when more than ordinarily rarefied, or 
ſtocked with Vapours, drive away the neigh- 
bouring Air, in order to make Room for itſelf; 

and by this Means occaſion a Wind. Others, 
obſerving a conſtant and perpetual eaſterly 
Wind to blow at the Equator, aſcribed its 
Origin to the diurnal Rotation of the Earth 
about its Axis from Welt to Eaſt ; which they 
thought would occafion the Air upon its Sur- 
face to ſeem to move the contrary Way, being 
in ſome Meaſure left behind. But, whereas 
there are Winds, in ſome Places near the Equa- 
er, that blow on other Points of the Compaſs 


to Place, upon the Surface of the Earth, 
the Atmoſphere's being heated over one Par 


all Parts at the Bottom; which it continues i 2 


116 Of the Origin of Winds, Part ll 
(as we ſhall ſee hereafter) this Hypotbej, 
inſufficient, Beſides, the Air preſſing up 
the Surface of the Earth by its Gravity, li, 
other Bodies, and having nothing to hinde 
it from moving freely along with it, muſt je. 
ceſſarily, in Time, acquire an equal 
of Velocity, and ſo keep Pace with it, all the 
Way round. 

The principal Cauſe of the Wind, or, i 
other Words, of the Air's moving from Plax 


more than over another. For, in this Ca: 
the warmer Air being rarefied, becomes ſpeci. . 
fically lighter than the reſt; it is therefor 
over-poiſed by it, and raiſed upwards, th WW © 
upper Parts of it diffuſing themſelves even . 
Way over the Top of the Atmoſphere ; wh 
the neighbouring inferior Air ruſhes in fron 


do, till the Aquilibrium is reſtored, * 
Upon this Principle it is, that moſt of h 
Winds may be accounted for. = 
To begin with thoſe which blow under th : 


Equator, 3 

t 

: „ 

1. Under the Equator, the Wind is alwa + 1 

obſerved to blow from the Eaſt Point *. . 
— a,. 


* For the Reader's Eaſe {who perhaps is not furniſhed vit. 
the Philoſophical Tranſactions) I ſhall here inſert by Way «8 
Note, from Dr. Halles Account, ſo much of the Hiſtory of 11: 


Winde, as may be neceſſary for the underſtanding this uy | 
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For, ſuppoſing the Sun to continue vertical 
over ſome one Place, the Air will be moſt rare- 
fed there; and conſequently; the neighbour- 
ing 


The uhiverſal Ocean, ſays he; may moſt propetly. be di- 
WT © yided into three Parts, viz. 1. The Atlantic and #thiopic 
| % Seas, 2. The Indian Ocean. 3. The great South Sea, or 
the Pacific Ocean. 


1. In the Atlantic and Atbiopic Seas, between the Tropics, 

(there is a general eaſterly Wind all the Year long, without any 

WS © conſiderable Variation; excepting, that it is ſubje& to be de- 

i «« fleted therefrom, ſome few Points of the Compaſs, towards 

© © the North, or South, according to the Poſitiori of the Place. 

© 1, Near the Coaſt of Africa, as ſoon as you have paſſed the 
Canary Iles, you are ſure to meet a freſh Gale of North - eaſt 

Wind, about the Latitude of twenty-eight Degrees North; 

which ſeldom comes to the Eaſtwards of the Eaſt-north-eaſt, 

or paſſes the North-north-ealt. This Wind accompanies thoſe 
bound to the Southward, to the Latitude of ten Degrees 

North, and about an hundred Leagues from the Guinea 

|; WE © Coaſt ; where, till the fourth Degree of North Latitude, they 

fall into Calms and Tornadoes, or ſudden Storms. 
& *© 2. Thoſe bound to the Caribbee Iſles, find, as they ap- 

Y © proach the American Side, that the aforeſaid: North-eaſt 

Wind becomes ſtill more and more eaſterly, ſo as ſometimes to 
be Eaſt, ſometimes Eaft by South, but yet moſt commonly to 

he the Northward of the Eaſt, a Point or two, ſeldom more. 
is likewiſe obſerved, that the Strength of theſe does gra- 

1 © © dually decreaſe, as you ſail to the Weſtward. 

MW 3, That the Limits of the Trade and wariable Winds in 
this Ocean, are farther extended on the American Side, than 
the African; for, whereas you meet not with this certain 
Wind, till after you have paſs'd the Latitude of twenty-eight 

Degrees on this Side ; on the contrary Side it commonly 

“ holds to thirty, thirty-one, or thirty-two Degrees of Lati- 

© tude; and this is verified likewiſe to the Southward of the 

8 Equino#ial ; for near the Cape of Good Hope, the Limits of 

the Trade Wind are three or four Degrees nearer the Line, 

chan on the Coaſt of Brafil. 
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ing Air will ruſh in from every Quarter Wu 
equal Force, But, as the Sun is continua 
ſhifting to the Weſtward, the Part where th; 


Ar 


«& 4. That from the Latitude of four North, to th 
* aforeſaid Limits on the South Side of the Equator, the Wink 
« are generally and perpetually between the South and 
« and moſt commonly between the South-eaſt and Eaſt; d. 
* ſerving always this Rule, that on the African Side they m 
«© raore ſoutherly, on the Braſilian more eaſterly, ſo as H 
« come almoſt due Eaſt, the little DefleQion they have be 
„ ſtill to the Southward. In this Part of the Ocean, it h 
been my Fortune to paſs a full Year, in an Employment uu WA 
«« obliged me to regard more than ordinarily the Weather, 1 « 
. « I found the Winds conſtantly about the South-eaſt, the mot WS . 
% uſual Point South-eaſt by Eaſt : When it was eaſterly, it * WW 
«« nerally blew hard, and was gloomy, dark, and ſometina WS «- 
rainy Weather: If it came to the Southwards, it was gent: «« 
rally ſerene, and a ſmall Gale next to a Calm; but this nt WR « 
« very common. But I never ſaw it to the Weſtwards of ue 
„ South, or Northwards of the Eaſt. | „ 
5. That the Seaſon of the Year has ſome ſmall Effect o RS «« 
„ theſe Trade Winds; for that, when the Sun is conſiderably v «« 
«© the Northward of the Equator, the South-eaſt Winds, ep 
« cially in the ight of this Ocean (if I may fo call it) be 
« tween Brafil, the Coaft of Guinea, do vary a Point c < 
k „ two to the Southward, and the North-eaſt become mor WT «- 
4 «« eaſterly 3 and, on the contrary, when the Sun is towards ti: WW 
15 Tropic of Capricorn, the South - eaſterly Winds become mot (em 
1. «« eaſterly 3 and the North-eaſterly Winds, on this Side tie JE «« 
14 *« Line, veer more to the Northward. * 
6. That as there is no general Rule, that admits not of ſon! Wa «+ 
Exception, ſo there is in this Ocean a Tract of Sea, where Wee < 
the ſoutherly and ſouth-weſt Winds are perpetual, viz. 1 Wt 
along the Coaſt of Guinea, for above five hundred Legs (Ree < 
together, from Sierra Leona, to the Ifle of St. Thomas : fu 
«+ the South-eaſt Trade Wind having paſs'd the Line, and ꝶ Wee « 
proaching the Coaſt of Guinea within eighty or an hu $8 
Leagues, inclines towards the Shore, and becomes South-ſoutt- JE < 
eaſt ; and by Degrees, as you come nearer, it veers about uy « 


«© South, South-ſouth-weſt, and in with the Land South un $1 
A « JN by 
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Air is moſt rarefied, is carried the ſame Way; 
and therefore the Tendency of all the lower Air, 


taken together, is greater that Way, than ed 
: | | other. 


8 


u and ſometimes Weſt-ſouth-weſt. Theſe are the Winds, which 
s are obſerved on this Coaſt when it blows true; but there are 
u frequent Calme, violent ſudden Guſts, called Tornadoes, from 
„ all Points of the Compaſe, and ſometimes unwholeſome foggy 
* eaſterly Winds, called Hermitæ, by the Natives, which too 

= « often infeſt the Navigation of theſe Parts. | 
7. That to the Northwards of the Line, between four and 
ten Degrees of Latitude, and between the Meridians of Cape 
Verde, and of the eaſtermoſt Iſlands that bear that Name, there 
js a Tract of Sea, wherein it were improper to ſay, there is 
any Trade Wind, or yet a variable ; for it ſeems condemned to 
© © perpetual Calms, attended with terrible Thunder and Light- 
ning, and Rains ſo frequent, that our Navigators from thence 
call this Part of the Sea, the Rains: The little Winds that 
are, being only ſome certain Guſts, of very little Continu- 
& © ance, and leſs Extent ; ſo that ſometimes each Hour you 
& © ſhall have a different Gale, which dies away into a Calm be- 


KR = * © 7” A ﬆos Eo ” w T -* = co» 


a WT fore another ſucceeds: And in a Fleet of Ships in Sight of 
* one another, each ſhall have the Wind from a ſeveral Point of 
e the Compaſs : With theſe weak Breezes, Ships are obliged to 
e make the beſt of their Way to the Southward, through the 
a WT © aforeſaid fix Degrees; wherein it is reported ſome have been 
- =E © detain'd whole Months for want of Wind. 
* II. In the Indian Ocean, the Winds are partly general, 
the WT © as in the Atbiopic Ocean; partly periodical, that is, half 
© © the Year they blow one Way, and the other half near upon 
„ the oppoſite Points ; and theſe Points, and Times of ſhifting, 
en © are different in different Parts of this Ocean. 
il WE © 1. Between the Latitudes of ten Degrees and thirty De- 
06 WRT © grees South, between Madagaſcar and Hollandia nova, the 
fo WE ©© General Trade-Winds about the South-eaſt” and by Eaſt, are 
ks 8 © found to blow all the Year long, to all Intents and Purpoſes, 


after the ſame Manner, as in the ſame Latitudes in the 


. © Ethiopic Ocean, as it is deſcribed in the fourth Remark 
(0 WT © aforegoing. 


nl i : O 3 « 2. That 
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other. Thus the Tendency of the Air b. 
wards the Weſt, becomes general, and h 
Parts impelling one another, and continuing u 


move 


« 2, That the aforeſaid South-eaſt Winds extend to within ty 
Degrees of the Equator, during the Months of Tun, Jy, 
« and Auguſt, &c. to November; at which Time, between th 
« South Latitude of three and ten Degrees, being near the 1 
* ridian of the North End of Madagaſcar, and between tm 
« and twelve South Latitude, being near Sumatra and Jawa; th 
« contrary Winds from the North-weſt, or between the Now 
„ and Weſt, ſet in, and blow for half a Year, wiz. from th 
„ Beginning of December till May: And this Monſon is d. 
ce ſerved as far as the Molucca Iles. 
« 3. That to the Northward of three Degrees South lai 
tude, over the whole Arabian and Indian Sea, and Gulfd 
Bengal, from Sumatra to the Coaſt of Africa, there is a 
other Monſoon, blowing from October to April, upon the 
North-eaft Points: But in the other half Year, from 4jil u 
October, upon the oppoſite Points of South-weſt and Wel. 
ſouth-weſt, and that with rather more Force than the othe, 
accompanied with dark, rainy Weather; whereas the Non 
« exiſt blows clear. Tis likewiſe to be noted, that the Wink 
«« are not ſo conſtant, either in Strength or Point, in the Gul 
of Pengal, as they are in the Indian Sea, where a cent 
« ſteady Gale ſcarce ever fails. Tis alſo remarkable, th 
* the South-weſt Winds, in theſe Seas, are generally mot 


* ſoutherly on the African Side, and more weſterly on li 


& Indian. 
« 4, There is a Tract of Sea to the Southward of it 
Equator, ſubject to the ſame Changes of the Winds, «i 
near the African Coaſt, between it and the Iſland Madaga(a, 
or St. Laurence, and from thence Northwards, as far «ti 
Line; wherein, from April to Odtober, there is found a at 
5 ſtant freſh South-ſouth-weſt Wind, which, as you go ul 
* northerly, becomes ſtill more and more weſterly, ſo as fl 
in with the Weſt-ſouth- weſt Winds, mentioned before in tit 
Months of the Year to be certain to the Northward of tt 
% Equator. What Winds blow in thoſe Seas, for the die 
% half Year, I have not yet been able to obtain to my fall Sat 
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faction: The Account which has been given me, is only 1 | 
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„move till the next Return of the Sun, ſo much 
of its Motion, as was loſt by his Abſence, is 
again reſtored, and therefore the eaſterly Wind 
f 


becomes Perpetual. 
Some 


That the Winds are much eaſterly hereabouts, and as often to 
i the North of the true Eaſt, as to the Southward thereof. 

. That to the Eaſtward of Sumatra and Malacca, to the 
„ Northwards of the Line, and along the Coaſt of Camboia 
and China, the Mon ſoons blow North and South; that is to 
„ ſay, the North-eaſt Winds are much northerly, and the 
South - weſt much ſoutherly. This Conſtitution reaches to the 
8 «« Eaſtward of the Philippine Iſles, and as far northerly as Japan: 
the northern Monſoon ſetting in, in theſe Seas, in October or 


8 — FRSz 


tf | 

4 « November; and the ſouthern in May, blowing all the Summer 
„Months. Here it is to be noted, that the Points of the Com- 
„ © paſs from whence the Winds come, in theſe Parts of the 
World, are not fo fixed, as thoſe lately deſcribed ; for the 
„„ ſoutherly will frequently paſs a Point or two to the Eaſtwards 
„of the South, and the northerly as much to the Welt- 
1 WE © wards of the North, which ſeems occaſioned by the great 
Quantity of Land which is interſperſed in theſe Seas. 


« 6, That in the ſame Meridians, but to the Southwards of 
« the Equator, being that Tract lying between Sumatra and 
FJava to the Weſt, and New Guinea to the Eaſt, the ſame 

* northerly and ſoutherly Mon ſaont are obſerved ; but with this 
Difference, that the Inclination of the northerly is towards 
the North-weſt, and of the ſoutherly towards the South-eaſt : 
© © But the Plagæ Venti are not more conſtant here than in the 
former, viz. variable five or ſix Points. Befides, the Times 
of the Change of theſe Winds are not the ſame, as in the 
„ Chine/e Seas, but about a Month, or fix Weeks later. 
7. That the contrary Winds do not ſhift all at once, but in 
“ ſome Places the Time of the Change is attended with Calis, 
in others with variable Winds; and it is particularly remark- 
able, that the End of the weſterly Mon/oon, in the Seas of 
8 ©* China, are very ſubject to be tempeſtuous. The Violence of 
„ theſe Storms is ſuch, that they ſeem to be of the Nature of 
the Veſt. India Hurricanes, and render the Navigation of 
= © theſe Parts very unſafe about that Time of Year, Thefe 
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Some are inclined to think, that the con. 
tinual ſhifting of the Sun to the Weſtwar, 
ſhould produce a weſterly Wind under the 
Equator, by cauſing the Current of the Ar 
from the Weſt to exceed and over-balance thy, 


«« Tempeſt are by our Seamen uſually term'd the Breakin y 
cc of the Mon ſoons, 


4% III. The Third Ocean, called Mare Pacificum, whoſe Ix. 
tent is equal to that of the other two (it being from the We 
« Coaſt of America to the Philippine Iſlands, not leſs than a 
«© hundred and fifty Degrees of Longitude) is that which is ek 
«© known to our own, or the neighbouring Nations: That Nai. 
<« gation that there is on it, is by the Spaniards, who go yer) 
% from the Coaſt of Neaw Spaix to the Mani/ha's : But that but 
«© by one beaten Tract; fo that I cannot be ſo | Kr Gs here, 
« as in the other Two. What the Spani/s Authors ſay of the 
« Winds, they find in their Courſes ; and what is confirmed by 
<« the old Accounts of Drake and Candiſb, and ſince by Schaun 
«© who ſailed the whole Breadth of this Sea, in the ſouthen 
Latitude of fifteen or ſixteen Degrees, is, that there is agrea 
«« Conformity between the Winds of this Sea, and thoſe of the 
« Atlantic and /Zthiopic ; that is to ſay, that to the Northwat 
« of the Equator, the predominant Wind is between the Eaſt anl 
4% North-eaſt ; and to the Southwards thereof, there is a cor- 
« ſtant, ſteady Gale, between the Eaſt and South-eaſt, and tha 
on both Sides the Line, with ſo much Conſtaney, that they 
ſcarce ever need to attend the Sails; and Strength, that it 
« rare to fail of croſſing this vaſt Ocean in ten Weeks Time; 
«« which is about an hundred and thirty Miles a Day: Befids 


«« gellan, as by the Cape of Good Hope. 
«++ The Limits of theſe General Winds are much the ſame 


* in the Atlantic Sea, wiz. about the thirtieth Degree of Latt | 8 
* tude on both Sides. Beſides, a farther Analogy between t 
Winds of this Ocean, and the Æthiopic, appears in that, that 1 


upon the Coaſts of Peru they are always much ſoutherly, ik 
46 


as they are found near the Shores of Angola. 


tis ſaid, that Storms and Tempeſts are never known in the 
Parts; wherefore ſome have thought it might be as ſhot: WE 
Voyage to Japan and China, to go by the Streights of N Wn 


whit 


8 Dif. v. Of the Origin of 1” inds. 123 
which oppoſes it from the Eaſt, For, where. 
as the eaſtern Air retains its Heat {ome time 

after the Sun is removed from it, it muſt al- 
ways be rarefied to a greater Degree, and alſo 
to a greater Diſtance from the Place to which 
che Sun is vertical, than the weſtern Air 183 
and therefore the weſtern Air, being more 
ponderous, ſhould be an Over-balance for the 
C eaſtern, and drive the Current before it. 
But it is to be obſerved, that we are not to 
© conſider the Point to which the Sun is ver- 
® tical, but the Point of greateſt Rarefaction 

WE(which, upon Account of the Sun's Motion to 

che Weſtward, lies always to the Eaſtward ) ; 

and then ſee, which Side of the Column of 
Air, incumbent over that Point, ſuſtains the 
greater Preſſure from the neighbouring Co- 
lumns. Now, although the Air is rarefied 
even farther to the Eaſt of this Point, than to 
the Weſt, yet ftill, if we ſuppoſe the Point 
to keep its Place, the Air over it will ſuſtain 

Fan equal Degree of Preſſure on each Side. 

For, ſince no Column can be aſſigned on the 

veſtern Side, but one alſo on the eaſtern 

may be found under an equal Degree of Rare- 
faction, and therefore of the ſame ſpecific Gra- 

S vity ; and ſince Fluids of equal Heights, and 

the fame ſpecific Gravities (whatever be the 

k WT Breadth of their Columns) preſs equally againſt 

u equal Objects, (Chap. I. F. 9.) 'tis very 
evident, that the Column of Air, over the 
4 Point 
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Point of greateſt Rarefaction, is preſſed 

ly both Ways; and ſo, upon this Suppoſiti 
each Wind will blow towards that Point wig 
equal Force. But, if we ſuppoſe the Pon 
of greateſt Rarefaction to ſhift towards ty 
Weſt, we ſhall find, that this Aquilibrin In 
will by that Means be deſtroyed, and ts 1 
Motion of the Air (upon the whole) des. tl 
mined that Way. For let us conſider ay e 
Portion of the weſtern Air approaching ws 
wards the Point of greateſt Rarefaction, if thy t! 
Point ſhifts, in the mean Time, towards th a 
Weft, then will that Portion reach the (ii ME 


Point ſooner than it otherwiſe would hn Ro 
done; thereby lofing a Part of its Motion, hd 
which Means the weſterly Current will bed. v 


miniſh'd. Again, if, while the Eaſt Wind fi 
blows towards the Point of greateſt Rarefaftion, tl 
that Point moves on before it, then will th p 
eaſtern Air have a greater Quantity of Motion, 
than it otherwiſe would have had; that, which ſe 
ſhould have been an Impediment to it, being, i ſt 
upon this Suppoſition, in ſome Meaſure with WT 
drawn; and ſo the Eaſt Wind will be aug: 
mented. Thus, the Weſt Wind having üs. 
Force leſſen'd by the Motion of the Sun, and RB 2! 
the Eaſt one being increaſed, the latter à *- 
length as it were abſorbs the former, and cu: 
ries it away in its own Direction. | 
2. On each Side of the Equator, to abo t 
the thirtieth Degree of Latitude, the Winds { 


found 


| Piſſ. V. Of the Origin of Winds. 125 


found to vary from the Eaſt Point, ſo as to 
vpecome North-caſt on the northern Side, and 
E South-caſt on the ſouthern, 
The Reaſon of which is, that, as the equa- 
torial Parts are hotter than any other, both the 
northern and ſouthern Air ought to have a 
E Tendency that Way; the northern Current 
therefore, meeting in this Paſſage with the 
eaſtern, produces a North-eaſt Wind on that 
side; as the ſouthern Current, joining with 
me ſame, on the qther Side the Equator, forms 
a South-eaſt Wind there. 
{SE Theſe two Propoſitions are to be underſtood 
of open Seas, and of ſuch Parts of them as are 
j WT diſtant from the Land ; for near the Shores, 
WS where the neighbouring Air is much rare- 
fed, by the Reflection of the Sun's Heat from 
the Land, jt frequently happens otherwiſe ; 
particularly, 
„3. On the Guinea Coaſt, the Wind always 
h ſets in upon the Land, blowing weſterly in- 
A ſtead of eaſterly, This is becauſe the Deſerts 
„of Africa lying near the Equator, and being a 
very ſandy Soil, reflect a greater Degree of Heat 
into the Air above them. This therefore be- 
ing rendered lighter, than that which is over 
the Sea, the Wind continually ruſhes in upon 
the Land to reſtore the Æquilibrium. 
4. That Part of the Ocean, which is called 
an the Rains, is attended with perpetual Calms, 
ab the Wind ſcarce blowing ſenſibly either one 


WY Way 
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Way or other, (See its Situation deſcribed 
Note, Page 119, Remark 7th). For this Ty 
being placed between the weſterly Wind blow. 
ing from thence towards the Coaſt of Guinea 
and the eaſterly Wind blowing from the fam 
Place to the Weſtward thereof, the Air ſtanc 
in Aquilibrio between both, and its Grayityj 
ſo much diminiſhed thereby, that it is not ab 
to ſupport the Vapour it contains, but lets 
fall in continual Rain, from whence this Pan 
of the Ocean has its Name. 

5. There is a Species of Winds, obſervable 
in ſome Places within the Tropics, called by 
the Sailors Monſoons, which, during fix Months 
of the Year, blow one Way; and the remain. 
ing fix the contrary. 

The Occafion of them in general is this: 


When the Sun approaches the northern Tria . 


there are ſeveral Countries, as Arabia, Perju, 
India, &c. which become hotter, and reflet 
more Heat than the Seas beyond the Equatir, 
which the Sun has left ; the Winds therefore, 
inſtead of blowing from thence to the Part 
under the Equator, blow the contrary Way; 
and when the Sun leaves thoſe Countries, and 
draws near the other Tropic, the Winds tun Wt 
about, and blow on the oppoſite Point of the 
Compals. 


The Regularity of theſe Winds makin Jt 


them more than ordinarily uſeful in Nau. 
gation, they are from thence called Trat 
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E Winds. As to other Circumſtances relating 
to them, and the particular Times and Places 
Jof the Monſoons, &c. See the Hiſtorical Ac- 
count in the foregoing Note; all which might 
F eaſily be ſolved upon the ſame Principle, had 
ve Data to go upon, and were all the ſeveral 
ECircumſtances of Situation, Heat, Cold, &c. 

© ſufficiently known *. e e 
From the Solution of the general Trade 
Winds, we may. ſee the Reaſon, why in 
the Atlantic Ocean, a little on this Side the 
chirtieth Degree of North Latitude, or there- 
abouts, as was obſerved in the foregoing 
HDiſſertation, there is generally a Weft, or 
SSouth-weſt Wind. For, as the inferior Air, 
within the Limits of thoſe Winds, is conſtant- 
y ruſhing towards the Epuator, from the 
North-eaſt Point, or thereabouts, the ſuperior 
Air moves the contrary Way; and therefore, 
Wſter it has reached theſe Limits, and meets 
, vith Air, that has little or no Tendency to 


© * Some have thought, that the Regularity of the general Trade 
EW inds is partly owing to the diurnal Motion of the Moon from 
Faſt to Welt, For, as the Sun renders the Air ſpecifically lighter 
yr its Heat, ſo does the Moon by attracting it, in the ſame 
Manner, as it does the Sea, in raiſing the Tides : Bat it is to 
e oblerved, that as the Moon acts with the greateſt Force upon 
Wc ſuperior Parts of the Air, and as thoſe ſuperior Parts are un- 
Ponfined, and therefore more at Liberty to ruſh in, in order to 
Peſtore the Zquilibrium ; it will from hence follow, that the 
uching in of the ſuperior Parts of the Atmoſphere will princi- 
| ally contribute towards reſtoring the Æquilibrium; and ſo the 
Notion, produced below, will be very inconſiderable. 


any 
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any one Point more than to another, it vil 
determine it to move in the fame Direction 
with itſelf; 

In our own Climate we frequently erde⸗ 
rience, in calm Weather, gentle — blow. 
ing from the Sea to the Land, in the Heat of 
the Day; which Phænomenon is very agree- 
able to the Principle laid down above: Fo 
the inferior Air over the Land being rarefiel 
by the Beams of the Sun, reflected from it 
Surface, more than that which impends over 
the Water, which reflects fewer, the latter i 
conſtantly moving on to the Shore, in order 
to reſtore the Aiquilibrium, when not dif: 
turbed by ſtronger Winds from another Qua 
ter ＋. 

" 22 what has been obſerved, nothing i 
more eaſy than to ſee, why the northern and 
ſouthern Parts of the World, beyond the Li- 
mits of the Trade Winds, are ſubject to ſuch 


+ In Confirmation of this, we have an eaſy, and very per 
tinent Experiment, related by Mr. Clare, in his Motion o 
Fluids. ** Take, ſays he, a large Diſh, fill it with cold Water; 
«* into the Middle of this put a Water-Plate, filled with wan 
„Water. The firſt will repreſent the Ocean; and the other 
« an Iſland, rarefying the Air above it. Blow out a Wat 
«© Candle, and if the Place be ſtill, on applying it ſucceſſive) 
* to every Side of the Diſh, the fuliginous Particles of the : 
„ Smoak, being viſible and very light, will be ſeen to moe ul 
towards the Plate, and riſing over it, point out the Courle 
of the Air from Sea to Land. Again, if the ambient Water 
„ be warmed, and the Plate filled with cold Water, let tht 
„ ſmoaking Wick of the Candle be held over the Plate, and 
the contrary will happen.” : 

Variety] 
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Variety of Winds. For the Air, upon Ac- 
count of the lefſer Influence of the Sun in 
thoſe Parts, being undetermined to move to- 
wards any fixed Point, is continually ſhifting 
W fom Place to Place, in order to reſtore the 
8 Equilibrium, wherever it is deſtroyed ; whe⸗ 
ther by the Heat of the Sun, the rifing of 
8 Vapours, or Exhalations, the melting of Snow 
upon the Mountains, and a great Variety of 
other Circumſtances, more than can be eaſily 
© enumerated. oils 4d 

= We are told by Hiſtorians, of certain Caves 
that emit Wind; if ſo, it is when the included 
Air is rarefied by Heat, and therefore ruſhes 
cout for Want of Room; or, when the Preſſute 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminiſhed, and ſo permits the 
internal Air to dilate itſelf, and iſſue out. 


For more on this Subject, ſee Nieuwentyt's 
Religious Philoſopher. Regnault's Philoſo- 
phical Converſations, Clare's Motion of Fluids. 
$ Martin's Philoſophical Grammar. And the 
Authors referred to in Mr. Johnſon's Quæſtiones 
Philoſoph. Cap. IV. Queſt. 1. 2. 
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DISSERTATION yt. 


Of the Formation and Aſcent of V. 
pours, and their Reſolution inn 
Rain, Snow, and Hail. 


HAT Vapours are raiſed from the Sur 

face of Water by the Action of the Sun: 

Heat, is agreed on by all: But the Manner in 

which this is done, has ever been a Controveiſ 

among Philoſophers ; neither is it at this Tim 
ſufficiently explained by any one. | 

If we conſult a Cartſian upon this Matter, 
he immediately tells us, that, by the Action df 
the Sun upon the Water, ſmall Particles of the 
Water are formed into hollow Spheres, filled 
with Materia Subtilis, and by that Means be- 
coming lighter than an equal Bulk of Air, at 
eaſily buoyed up in it. But, as this Mater 
Subtilts is only a Fiction, this Solution is nd 
to be regarded. 

Dr. Nieuwentyt; and ſeveral other Philo 
ſophers, who maintain, that Fire is a part 
cular Subſtance, diſtinct from other Matter 
account for the Formation and Aſcent of Ve. 
pours thus: They ſay, that the Rays of ti: 
Sun, or Particles of Fire ſeparated from then, We 85 
adhering to Particles of the Water, mak: WF 5 


up 
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N up little Bodies, lighter than an equal Bulk of 
Air; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come to 
Ian Height where the Air is of the ſame ſpecific 
Gravity with themſelves. And, that Rain is 
produced by the Separation of the Particles of 
the Fire from thoſe of the Water; which laſt, 
being then left without Support, can no longer 
Wbe ſuſtained by the Air, but falls down in 
Drops of Rain *. | 

This Opinion is liable to the following Dif- 
fculties; Firſt, Fire has never been yet pro- 
Ned to be a diſtinct Element, or a particular 
Pubſtance + ; and the Change of Weight in 
WBodics in chemical Preparations, heretofore 
Whought to ariſe from the Adheſion of Particles 
of Fire, is found to proceed from the Adheſion 
wot Particles of Air 8. 

W Secondly, Should the above-mentioned Su 
Ppoſition be allowed, the fiery Particles, which 
pre joined to the watery ones to buoy them 
up, muſt be conſiderably large, or elſe a ve 
great Number muſt fix upon a ſingle Particle 
ef Water; and then a Perſon being on the 
op of an Hill in a Cloud, would be ſenſible 
„pf the Heat, and find the Rain produced from 
Phat Vapour, much colder than the Vapour it- 


a RX» #= © ww. 


KX 


dee Nieuzuentyt's Religious Philoſopher, Contempl. 19. 

$ 7 Sce the Authors referred to in Mr. Fohn/on's Queſtiones 
Fhiloſoph. Cap. I. Queſt. 30. 

by Dr. Hales, in his vegetable Static. 


P ſeif : 
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ſelf : whereas the contrary is evident to q 
Senſes ; the Tops of Hills, though in d 
Clouds, being much colder than the Nun 
which falls below. | 

Beſides, the Manner in which the Partie 
of Water ſhould be ſeparated from thoſe 9 
the Fire, ſo as to fall in Rain, 1s not eaſily ty 
be conceived. 

The moſt generally received Opinion . 
That by the Action of the Sun, on the Surkg 
of the Water, the aqueous Particles becom 
formed into Bubbles, filled with a Flatus, oi 
warm Air, which renders them ſpecifically 
lighter than common Air, and makes then 
riſe therein, till they meet with ſuch as is of 
the ſame ſpecific Gravity with themſelves 
But I aſk, = 

Firſt, How comes the Air in the Bubb 
to be ſpecifically lighter than that without 
ſince the Sun's Rays, which act upon ti 
Water from whence they are raiſed, are equi 
denſe over all its Surface ? \ 

Secondly, If it could be poſſible for au . 
Air to be ſeparated from the denſer ambit. 
Air, to form the Bubbles (as Bubbles of ſoap P 
Water are blown up by warm Air from tit . 
Lungs, whilſt the ambient Air is colder uM 
denſer) what would hinder the external a 
from reducing that, which is incloſed ins, 
Bubbles, immediately to the fame Degree di 


* Philoſophical Tranſactions, No. 192. 


Co 
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E Coldneſs, and ſpecific Gravity with itſelf; 
W (Cold being readily communicated through 
ſuch thin Shells of Water.) By which Means, 
the Bubbles would become ſpecifically heavier 
Ethan the circumambient Air, and would no 
longer be ſupported therein ; but fall down, 
almoſt as ſoon as they were formed ? 

& Thirdly, If we ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 
Bubbles of Water filled with Air, why do not 
thoſe Bubbles always expand, when the ambi- 
Went Air is rarefied, and preſſes leſs upon them 
than it did before; and why are they not con- 
denſed, when the ambient Air is condenſed by 
che Accumulation of the ſuperior Air? But if 
his Condenſation and Rarefaction ſhould hap- 
pen to them, the Clouds would always continue 
t the ſame Height, contrary to Obſervation ; 
Wand we ſhould never have any Rain, 

The two laſt Opinions are more largely ex- 
Emined by Dr. Deſaguliers in the Philoſophical 
ranſactions, Ne. 407. After which he en- 
Neavours to eſtabliſh one of his own. 

He obſerves, with Sir Iſaac Newton, that, 
hen by Heat or Fermentation the Particles 
fa Body are ſeparated from their Contact, 
Weir repulſive Force grows ſtronger, and the 
WE articles exert that Force at greater Diſtances ; 
that the fame Body ſhall be expanded into 
very large Space, by becoming fluid; and 
| 2 may 
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may ſometimes take up more than a Million 
of Times the Room it did in a ſolid and in. 
compreſſible State. Thus, fays he, if the 
Particles of Water are turned into Vapour 
<« by repelling each other ſtrongly, and repe 
Air more than they repel each other; Ag. 
<« gregates of ſuch Particles, made up of Vi. 
* pour and Vacuity, may riſe in Air of different 
* Denſities, according to their own Denſity 
« depending on their Degree of Heat,” Hz 
obſerves farther, that Heat acts more power. 
fully on Water, than on common Air; for tha 
the ſame Degree of Heat, which rarefies Ar 
two Thirds, will rarefy Water near fourteen 

thouſand Times, changing it into Steam or 
Vapour, as it boils it. And in Winter, that 

ſmall Degree of Heat, which in Reſpect of out 

Bodies appears cold, will raiſe a Steam or Va 

pour from Water, at the ſame Time that it 

condenſes Air. Laſtly, he obſerves, That the 

Denſity and Rarity of this Vapour depend 

chiefly on its Degree of Heat, and but little on 
the Preſſure of the circumambient Air. From 

all which he infers, that the Vapour being 

more rarefied near the Surface of the Earth, We 

than the Air is there by the ſame Degree o 

Heat, muſt neceſſarily be buoyed up into the WW 

Atmoſphere ; and fince it does not expand i- 

ſelf much, though the Preſſure of the incum- 

bent Air grows leſs, at length it finds a Place BR 

where the Atmoſphere is of the ſame ſpecific | 

Gravity £ 
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Gravity with itſelf, and there floats, till, by ſome 
Accident or other, it is converted again into 
Drops of Water, and falls down in Rain. 

And to ſhew that Air is not neceſlary for 
the Formation of Steam or Vapour, he gives 
us this Experiment, | 

ABCD (Hg. 37.) is a pretty large Veſ- 
e ſe] of Water, which muſt be ſet upon the 
Fire to boil. In this Veſſel muſt be ſuſpend- 
ed the Glaſs Bell E, made heavy enough 
« to fink in Water; but put in, in ſuch a 
« Manner, that it be filled with Water when 
« upright, without any Bubbles of Air at its 
© Crown within, the Crown being all under 
« Water. As the Water boils, the Bell will 
« by Degrees be emptied of its Water, the 
« Water in the Bell being preſſed down by: 
« the Steam which riſes from it; but, as that 
«* Steam has the Appearance of Air, in order 
« to know whether it be Air or not, take the 
% Veſſel off the Fire, and draw up the Bell 
« by a String faſtened to its Knob at Top, till 
* only the Mouth remains under Water; 
then as the Steam condenſes by the cold Air 
* on the Outſide of the Bell, the Water will 
* riſe up into the Bell at F, quite to the Top, 
without any Bubble above it; which ſhews, 
* that the Steam, which kept out the Water, 
* was not Air,” 


5 3 This 
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This Hypotheſis, however plauſible it maj 
appear, is attended with Difficulties, as we 
as the other. For, 

Fir/t, If the repulſive Power of the Particle, 
of. Water is ſufficiently augmented by Heat 
ſuch (and that by a very ſmall Degree of i 
to make them recede from each other, and be. 
come ſpecifically lighter than common Air, . 
how comes it to paſs, that all the Particles of WK «c 
Water, as ſoon as, or before it boils, have no WE 
their repulſive Forces thus augmented, fince 
they are all under a much greater Degree of WT th 
Heat, than is neceſſary to raiſe Vapour ? BS thi 

Secondly, Allowing that they may riſe of ve 
from the Surface of the Water, and float in th 
the circumambient Air, as being lighter than WW R 
it, why do not their repulſive Forces, as they ſu 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greater 
Diſtances from each other, and ſo cauſe them 
to continue lighter than the Air about them at 
all Heights ? 

Thirdly, If the Preſſure of the Air about 
them, when near the Surface of the Earth, is 
not ſufficient to bring them into ſo cloſe Con- 
tact, as to form Drops of Water there, what 
Force will they find ſufficient for it, when they 
are carried aloft into a Region of Air, where t 
the Preſſure is not near ſo great? The Doctor Wl « 
hints, that they are formed into Rain, when 
by the great Diminution of the ſpecific Gra 
| Me 
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e vity of the Air about a Cloud, it has a great 
„ Way to fall, in which Caſe, he ſays, the 
« Reſiſtance of the Air, which increaſes as 
the Square of the Velocity of the deſcend- 
ing Cloud, cauſes the floating Particles of 
% Water to come within the Power of each 
„ other's Attraction, and form ſuch big Drops 
as, being ſpecifically heavier than any Air, 
e muſt fall in Rain.” But as the inferior Air, 
from the Cloud to a conſiderable Depth below 
it, cannot be ſuppoſed to leave it all at once, 
the Vapours mult neceſſarily fall all the Way 
through a reſiſting Medium; ſo that the little 
velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
E Reſiſtance from the Air greater than the Preſ- 
ſure which the Vapours ſuſtained below. 
Laſily, The Experiment, brought to make 
Way for this Hypotheſis, ſhows clearly, that 
= Vapour formed without the Aſſiſtance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool: Which is widely 
different from what happens to Vapours buoyed 
up into the colder Regions of the Air, and 
floating there, till they fall in Rain. | 


| Theſe are all, or the principal Hypotheſes, 
that have been framed for the Wacken of this 


common Phenomenon : Which as they ſeem 


$ inadequate to the Effects produced, and there- 
ore unſatisfactory, I thought it not amiſs to 


P 4 ſug- 
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ſuggeſt to the Reader the chief Difficulties, vit 
which I conceive them to be attended. But a 
it is eaſter to pull down, than to build up, u 
overturn a weak Hypotheſis, than to raiſe any 
ſupport a ſtrong and ſufficrent one; fo, I my 
own, in this Cafe, I can think of no Way q 
accounting for the Riſe of Vapours, according 
to the received Principles of Philoſophy, 
ſay wherein their Nature conſiſts. Upon thi 
Account it is impoſſible I ſhould give a Phi. 
loſophical Account of their Reſolution int 
Rain. It muſt ſuffice juſt to mention the Caula 
which are obſerved to produce that Change, 

The firſt is, Part of the Air beneath then 
being carried away by contrary Winds blowing 
from the ſame Place ®, the Remainder he. 
comes too light to buoy them up, and ſo the 
upper ones, in all Probability, precipitate down 
upon the lower ones, unite with them, and 


form Drops of Rain +. Another is, great i | 


* Perhaps it may be thought, that when the Air, which in- 
pends over any Place, is carried away from thence by contra 
Winds, the Vapours which float in it ſhould be carried aui 
too; and ſo the few that remain ſhould be eaſily ſupported ; o. 
if they fall, ſhould not produce much Rain. | 

Now, in anſwer to this, it muſt be conſidered, that as the in- 
ferior Air is carried away from any Place by contrary Winds, tie 
Height of the Atmoſphere is diminiſhed thereby; wherefore, i 


all Probability, the ſuperior Air ruſhes in by a contrary Curreit 


to fill up the Vacuity at the' Top, which bringing in its Content 
of Vapour affords a continual Supply for the Rain that falls. 
+ A remarkable Inſtance we have of this, in that Part of the 


Atlantic Ocean, which the Sailors call the Rains, (ſee Differt. | ] | 


from 
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s Quantities of them, being driven by the Winds 
E againſt the Sides of Mountains, are thereby 
made to coaleſce, and ſo conſtitute Rain “. 


It 


Lom the frequent Rains that fall there: the Occaſion of which 
WE is, that the Atmoſphere is diminiſhed by continual contrary 
Winds blowing from thence, ſo that it is not able to ſuſtain the 


Vapour it receives. 


= #* Upon this depends the Difference of the Seaſons of the Year 
2 at Malabar and Coromandel in the Eaſt Indies, and at Jamaica 


in the Weſt. See Dr. Gordon's Diſcourſe on the Cauſes of the 


Change of Weather, Philoſophical Tranſactions, N®. 19. 


The Rivers of Indus and Ganges, ſays he, where they enter the 


Ocean, contain between them a large Cherſoneſus, which is di- 
vided in the Middle by a Ridge of Hills, which they call the 


WE © Gate, which run along from Eaſt to Weſt, and quite through 


from Eaſt to Weſt, through the midſt o 


to Cape Comori. On the one Side is Malabar, and on the other 
Coromandel. On the Malabar Side, between that Ridge of 
Mountains and the Sea, it is after their Appellation Summer 
from September till April; in which time it is always a clear 

© Sky, without once, or very little Raining. On the other Side 
the Hills, on the Coaſt of Coromandel, it is at the ſame Time 
(their Winter, every Day and Night yielding Abundance of 
Rain; and from April to September it is on the Malabar Side 
„their Winter, and on the other Side their Summer: So that 
in little more than twenty Leagues Journey in ſome Places, as 
where they croſs the Hills to St. Thomas, on the one Side of 
BS © the Hill you aſcend with a fair Summer; on the other you 
= © deſcend with a ſtormy Winter. The like is ſaid to be at Cape 
© © Razaſgate in Arabia. And Dr. Tropham relates the ſame of 
Jamaica, intimating that there is a Ridge of Hills which runs 

| f the Iſland, and that 
the Plantations on the South Side of the Hills have, from 
Member to April, a continual Summer, whilſt thoſe on the 


North Side have as conſtant a Winter, and the contrary from 


Abril to November. 7 A 
Prom thele and ſuch like Accounts it ſeems evident, that a 


SK bare leſſening of the Atmoſphere's Gravity will not occaſion 
Rein, bur that there is alſo needful either a ſudden Change of 


Winds, or a Ridge of Hills to meet the Current of the Air and 


= © Vapours, whereby the Particles of the Vapours are driven to- 


= © gether, and fo fall down in Drops of Rain. And hence it is, 
7 * that 
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It is generally thought, That if the Vapom 
in their Deſcent paſs through a Region of 4. 
ſufficiently cold, they are there frozen ini 


Ieicls 


* that whilſt the Wind blows from the North-eaft, viz. fü 
November to April (ſee the Account of the Monſoon; in db 
foregoing Diſſertation) “ there are continual Rains in the nor, 
«« erly Plantations of Zamaica, and on the Side of Corona 
in the Eaft-Indies, becauſe the Winds beat againſt that Siy 
„ of the Hills; and ſo there is fair Weather on the other Sig 
of theſe Hills, in Malabar and in the ſouthern Plantations d 
„ Jamaica, there being no Winds to drive the Vapours tops 
„ther. But in the ſoutherly Monſoons, wiz. from April to 
« wvember, Malabar and the ſoutherly Plantations of Famaic 
„have Floods of Rain, the Wind beating againſt that Side d 
the Hills, whilſt in Coromandel, and the other Side of Jana 
there is fair and clear Weather. 

This ſerves alſo to clear the Singularity of Seaſons in pen, 
beyond any other Parts cf the Earth, and ſeems to be afignel 
„ by Acoſta as the Cauſe of it. Pera runs along from the Lin 
Southwards about a thouſand Leagues. It is ſaid to be diyidel 
into three Parts, long and narrow, which they call Lam, 
«« Sierras, and Andes; the Lanos, or Plains, run along the Soul- 
Sea Coat; the Sierras are all Hills with ſome Vallies; ul 
the Andes ſteep and craggy Mountains. The Lanos have ſome 
ten Leagues in Breadth, in ſome Parts leſs, and in ſome more; 
the Sierras contain ſome twenty Leagues in Breadth, the 4nd 
as much, ſometimes more, ſometimes leſs ; they run in Lend 
from North to South, and in Breadth from Eaſt to Weſt. Thi 
Part of the World is ſaid to have theſe remarkable Thing; 
1. All along the Coaſt, in the Lanes, it blows continually wil 
one only Wind, which is South and South-weſt, contrary t 
that which uſually blows under the torrid Zone. 2. It new 
rains, thunders, ſnows, or hails in all this Coaſt, or Law, 
though there falls ſometimes a ſmall Dew. 3. Upon tie 
Andes it rains almoſt continually, though it be ſomeums 
** more clear than other. 4. In the Sierras, which lie It 
++ tween both Extreams, it rains from September to April bu 
in the other Seaſons it is more clear, which is when the du 
is fartheſt off, and the contrary when it is neareſt. Noi 
« the Reafon of all ſeems to be this; The eaſtern Breet 


*« which blow conftantly under the Line, being Ropp'd K „ 
| «« (quit 


of 
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WT -icles, and form Snow. But this Opinion ſeems 
o be falſe ; becauſe it frequently ſnows when 
The Barometer is high, at which Time the Va- 
T ours cannot begin to fall. It is therefore more 
BE: obable, that they are firſt frozen into Icicles, 
End by that means ſhooting forth into ſeveral 
WP oints every Way from the Center (agreeably 
o the Nature of Freezing) loſe their Form; 
End ſo becoming ſpecifically heavier than Air 
Hall down, and in their Paſſage, ſeveral being 
ongealed together, form Fleeces of Snow . 
= Hail is evidently no other than Drops of 
Rain congealed into Ice. This happens, when 
n their Paſſage through the inferior Air, they 


Courſe by the Sierras and Andes, and yet the ſame Breezes 
being to be found in the South-Sea beyond Peru, as appears 
by the eaſy Voyages from Peru to the Philippines, a Current 
of Wind blows from the South on the Plains of Peru, to ſup- 
WE ply the eaſtern Breeze on the South-Seas, and there being but 
one conſtant Gale on theſe Plains, and no contrary Winds or 
Hills for it to beat upon, this ſeems to be the Reaſon why the 
Vapours are never or very ſeldom driven into Rain. And 
the Andes being as high perhaps in many Places as the Va- 
pours aſcend in the higheſt Degree of the Atmoſphere's Gra- 
vity, this may probably be the Reaſon, why the eaftern 
Freeze, beating conſtantly againſt theſe Hills, occaſions Rain 
upon them at all Seaſons of the Year, And the Szerras being 
Fit ſeems lower than the Andes, therefore from September to 
EF 4/ri/, when the Sun is neareſt, and ſo the Atmoſphere's 
AE Gravity leſs, and the Vapours lower, they are driven againſt 
I the Sierras into Rain.“ , 
he like is to be ſaid of other Countries. They are all, ceteris 
ius, more or leſs rainy, as they are more or leſs mountainous. 
Egypt, which is quite without Mountains, has ſeldom or 


erer any Rain; but is N watered by the Nile, which 
early riſes above its Banks, and overflows the Country, 

a See a Diſcourſe on the Nature of Snow, Philoſophical 
| 


anſactions, Ne, g2, 


meet 
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meet with nitrous Particles, which are know i 
to contribute greatly to Freezing, Tj, 
Magnitude is owing to a freſh Acceſſion ; 
Matter, as they paſs along. Hence we (ej 
Reaſon why Hail is ſo frequent in Summe 
becauſe at that Time greater Quantities of Ni 
are exhaled from the Earth, and float up at 
down in the Air. 

If the Vapours, after they are exhaled ft 
off the Waters, do not riſe very high in th 
Atmoſphere, but hover near the Surface of th 
Earth, they then conſtitute what we ll 
Fog. And, if they aſcend higher, they (il 
appear in the ſame Form to thoſe, who, beg 
upon the Tops or Sides of Mountains, ae 
an equal Height with them; though to that, 
who are below, they appear as Clouds, 

If they fall to the Earth, without unit 
into Drops, large enough to be called Rin, WW 
they are then ſaid to fall in Dew. 


Dit 


See farther on this Subject, Derham's Pi th 
Theolog. Book I. Chap. 3, and Book Il ta 
Chap. 5. Spectacle de la Nature, Dialog. L 
and 23. Nieuwentyt Contempl. 19. C ar 
Motion of Fluids. Regnault, Vol. III. C 
verſat. 7. Muſſchenbroek Epitom. Phyſ. ti 
themat. Par. II. Cap. 24. Melchior Verdi p 
Phyſic. Pars ſpecial. Cap. V. $. 8. And t 1 
Authors referred to in Mr. Johnſon's Queſtion Wm « 
Philoſoph. Cap. IV. Quæſt. 7. 1 


pi 
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WW DissERTATION VI. 


Of the Cauſes of Thunder and Light- 
ning, and of the Aurora Borealis. 


HOSE Philoſophers, who maintain that 
Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
Wplained in the foregoing Diſſertation) account 
or the Phenomena of Thunder and Lightning, 
a the following Manner: They ſuppoſe, that 
from the Particles of Sulphur, Nitre, and other 
combuſtible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
Jof the Atmoſphere, together with the aſcend- 
ing Vapours, is formed an inflammable Sub- 
ſtance ; which, when a ſufficient Quantity of 
S fiery Particles is ſeparated from the Vapour by 
the Collifion of two Clouds, or otherwiſe, 
Stakes Fire, and ſhoots out into a Train of 
Light, greater or leſs, according to the Strength 
and Quantity of the Materials. 
ES The Opinion is falſe for the Reaſons men- 
S tioned in the foregoing Diſſertation, which 
$ plainly ſhow, that it is impoſſible the Vapours 
ES ſhould be attended with ſuch fiery Particles, 
ss is here ſuppoſed. 


Neither 
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Neither have we Occaſion to fly to ſuch a 
ypotheſis; for, as Vapours exhaled from the 
Surface of the Water are carried up into the 
Atmoſphere ; in like Manner, the Effuria d 
ſolid Bodies are continually aſcending thithe: 
Now we find by Experiment, that there x: 
ſeveral inflammable Bodies, which, being mix. 
ed together in due Proportion, will kindle int 
Flame by Fermentation alone *, without the 
Help of any fiery Particles T. When there 


fore 


* See the Theory of Fermentation explained in the follogin 
Diſſertation. - 

+ Monſieur Lemery having covered up in the Earth about fify 
Pounds of a Mixture compoſed of equal Parts of Sulphur, aut 
Filings of Iron tempered with Water; after eight or nine Hom 
Time, the Earth, where it was laid, vomited up Flame 
Hift. de PAcad. 1500. p. 574. 

From this Experiment we ſee the true Cauſe of the Fired 
Atna and Veſavius, and other burning Mountains. They po 
bably are Mountains of Sulphur, and ſome other Matter proper 
ro ferment with it, and take Fire. From like Cauſes proceed 
the Heat of Bath-Waters, and other hot Springs. 

Mix a ſmall Quantity of Gun-Powder with Oyl of Cloves, pou 
gently upon this Mixture two or three times as much Spirit d 
Nitre, and you will obſerve a bright Inflammation ſuddenly 
ariſing from it. A Mixture of the two Fluids alone will take Fir; 
the Powder is added only to augment the Iaflammation. 

Take two Pounds of Nitre, or refined Salt- Petre, well dried and 
reduced to the fineſt Powder, with a Pound of Oyl of comma 
Vitriol : From this Mixture may be drawn by Diſtillation a Spit 
of Nitre capable of inflaming Oyl of Turpentine. Mem. d 
PAcad. 1720, p. 97, &c. Put into a Glaſs an Ounce of ths 
Spirit of Nitre, with an Ounce of Oyl of Vitriol ; pour upon ite 
equal Quantity of Oyl of Turpentine, and a very fine Flame vil 
ariſe ſuddenly with a great Exploſion. When the Liquors at 
freſh the Effect is much greater. If we mix a Dram of the pi 


of Nitre, and three of Oyl of Turpentine, with only one of the 
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4 


fore there happens to be a proper Mixture of 
the Efluvia of ſuch Bodies floating in the 
Air, they ferment, kindle, and flaſhing like 
Gun- powder, occafion thoſe Exploſions, and 
streams of Fire, which we call Thunder and 


Lightning. 


As to the particular Species of the Efluvia, 


which compoſe this Mixture, that cannot ex- 
Jactly be determined; they are thought to be 
chiefly ſulphureous and nitrous: ſulpbureous, 
W becauſe of the ſulphureous Smell which Light- 
ning generally leaves behind it, and of that 
ſultry Heat in the Air which is commonly the 
W Fore-runner of it: nitrous, becauſe we don't 
know of any Body ſo liable to a ſudden and 
Violent Exploſion, as Nitre is &. 


The 


+ Spirit of Vitriol, the Mixture will take Fire immediately. If the 
= ime Experiment be made with the Balm of Mecca, a ſudden 
Flame will ariſe, with a Noiſe like that of the Report of a Gun. 


There are two celebrated Experiments of this Kind, though 


1 they do not come up exactly to the preſent Purpoſe, becauſe 


they will not ſucceed, unleſs the Ingredients be firſt heated, the 
one of Aurum fulminans, and the other of Pulvis fulminans. 
= The firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 
Agua Regia. A ſmall Quantity of this, if put into a Braſs Spoon, 


and heated with the Flame of a Candle, cauſes a ſudden Noiſe 


S reſembling that of Thunder; and goes off with great Violence. 
Tze other is a Mixture of three Parts of Nitre, two of Salt of 
& Tartar, and one of Sulphur. This Mixture when ſet upon the 


Fire, and warmed to a certain Degree, is diſſipated all on a ſud- 


den with great Thundering, like the Aurum fulminant. 


See an Account of Exhalations taking Fire of their own 


3 r in Coal-Pits. Power's Experimental Philoſophy, p. 62. 
and 181, 


Dr. Lifter is of Opinion, That the Matter both of Thunder 


: and Lightning, and alſo of Earthquaker, is the EAHuvia of the 


| Pyrites, 
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The Effects of Thunder and Lightning at 
owing to the ſudden and violent Agitation th 
Air is put into thereby, together with the 
Force of the Exploſion *; and not to Thin. 
derbolts falling from the Clouds, as ſuppoſe 
by the Vulgar T. 


Pyrites; as he does, that the Matter of Vulcanb's is the Pyrit 
itſelf. This is a Mineral that emits copious Exhalations, and i; 
exceedingly apt to take Fire upon the Admiſſion of Moiſtur 
See the Doctor's Defence of his Notion in the Philoſophicl 
Tranſactions, No. 157. He thinks this may be the Reaſon why 
England is fo little troubled with Earthquakes, and ltah, md 
almoſt all Places round the Mediterranean Sea, ſo very mac, 
wiz. becauſe the Pyrites are rarely found in England; ul 
where they are, they lie very thin, in Compariſon of what they 
do in thoſe Countries: as the vaſt Quantity of Sulphur, emitel 
from the burning Mountains there, ſeems to ſhew. 

Lightning is ſaid to have diſſolved Silver, without burting 
the Purſe it was in; and to have melted the Sword, without 
touching the Scabbaid, and the like. The Occaſion of this 
may poſſibly be, that the Matter of the Exhalation may be ſo 
ſubtle and penetrating, that, as we ſee it happens with Au 
Fortis, or volatile Salts, it may paſs through ſoft Bodies with. 
out altering their Texture, while it ſpends its whole Force a 
hard ones, in which it finds the greater Reſiſtance, 

+ Sume are inclined to think, that Thunderbolts are arti 
ficial, and that they were applied by the Ancients to ſome Uſe. 
What confirms them in their Opinion, is, that they are found 
more frequently where Sepulchres have been, than in othe 
Places. And, as it was the Cuſtom of the Ancients to hai 
their Arms buried with their Aſhes, they think they might be 
of ſome Uſe in War. _ are of Opinion, they were uſed in 
Sacrifices. See Melchior Verdries Phyſic. Pars ſpecial. Cap.. 
$. 9. Wedelius Exercit. Med. Philol. Cont. IT. Dec. I. p. 104 
Schminckius Prof. Marpurg. Diſſertat. de Urnis Sepulchralibu, 


& Armis Lapideis, A. 1714. Herman Nunningius Sepulchte. 
| Weſtphal. Mimigard. Gentil, p. 44. Fo. Henr, Cobarſi 


Offileg. Hiflor. Phyſic. p. 44. 


The 
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The Diſtance the Thunder is from us, may 
nearly be eſtimated by the Interval of Time 
between our ſeeing the Lightning, and hearing 
che Thunder. For, as the Motion of Light is 
ſo very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- 
ſand Feet in a Second; allowing a thouſand 
Feet for every Second, that paſſes between our 
ſeeing the one, and hearing the other; we 
have the Diſtance of the Cloud, pretty nearly, 
from whence the Thunder comes. By 

We ſometimes ſee Flaſhes of Lightning, 
W though the Sky be clear and free from Clouds; 
Win this Caſe they proceed from Clouds, that 
lie immediately below our Horizon. 
bf Affinity with the Phenomena of Light- 
ning are thoſe of the Aurora Borealis, or Nor- 
ern Lights, which, of late Years, have very 
frequently appeared in our Climate *. Theſe 
N Lights differ ſo much from each other, that to 
give a Deſcription of one alone, would not be 


Ree ade 1 — 
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= * lhenmena of this Kind are reported to have been very 
equent in Greenland, Iceland, and Norway, Countries near the 
Pole. The only ones, that are upon Record, as having appear- 
i Exgland, before that of March the th, 1755, are thoſe 
January the 3oth, 1560, Odlober the 7th, 1564, Nowember 
ch and 15th, 1574, and a {mall one ſeen near Londen on the 
c of Jugu/t, 1708. On Nowernber the 16th, 1707, a ſmall 
oe appeared in Jre/and. Since that of March the 6th, 17 . 
ey bare been, and ſtill continue very common. 


= ſuffici- 
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here, now there, they obſerving no Rule or Order in thei 1 


143 Of the Aurora Borealis. Part ll 
ſufficient to acquaint the Reader with all ia 
Circumſtances wherewith they are attendei 
I ſhall therefore collect together ſuch Phy. 
mena, as have been moſt generally obſerved, 
and reduce them to the ten following Propci. 
tions, adding in the Notes, by Way of Hen. 
men, a full Account of that moſt remark 
Aurora, which was ſeen March the 6th, 17 
as it was laid before the Royal Society by Ur. 
Halley, at their Requeſt +. 


The 


+ * On Tze/day the 6th of March, in the Year 1716 (the 
* ternoon having been very ſerene and calm, and ſomenty 
« warmer than ordinary) about the Time it began to grow dat 
„(much about ſeven of the Clock) not only in London, bit i 
« all Parts of Exgland, where the Beginning of this wonder 
« Sight was ſeen; out of what feemed a duſky Cloud, in th 
«© North-eaſt Parts of the Horizon, and ſcarce ten Degrees high 
« the Edges whereof were tinged with a reddiſh Yellow, likes 
e if the Moon had been hid behind it, there aroſe very lay 
« luminous Rays, or Streaks perpendicular to the Horizon, ſans 
« of which ſeemed nearly to aſcend to the Zenitb. Preſently i 
«« ter, that reddiſh Cloud was ſwiftly propagated along tis 
« northern Horizon into the North-weſt, and Al farther welter 
« ly; and immediately ſent forth its Rays from all Parts, nov 


*« ſing. Many of thoſe Rays, ſeeming to concur near the Zerit 
formed there a Corona, or Image, which drew the Attenun 
of all Spectators. Some likened it to that Repreſentation 
<« Glory, wherewith our Painters in Churches ſurround the Hf 
<< Name of God. Others to thoſe radiating Stars, wherewlll 
« the Breaſts of Anights of the Order of the Garter are adont 
«© Many compared it to the Concave of the great Cupola afl 
% Paul's Church, diſtinguiſhed with Streaks alternately light 
«© obſcure, and having in the Middle a Space leſs bright than 
« reſt, reſembling the Lanthorn, Whilſt others, to exp 
e well the Motion as Figure thereof, would have it to be lie li 


« Flame in an Oven, reverberated and rolling againſt — 11 


* 
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The moſt general Phenomena of an Aurora 


Borealis are theſe that follow. 


1. In the northern Parts of the Horizon, 


there is commonly the Appearance of a very 


black 


Roof thereof: Some thought it liker to that tremulous Light, 


© which is caſt againſt the Cieling by the Beams of the Sun, re- 


WE © fefted from the Surface of the Water in a Baſon, that's a little 
WE © ſhaken. But all agree, that this Spectrum laſted only a few 
Minutes, and exhibited itſelf variouſly tinged with Colours, 
yellow, Red, and a duſky Green: Nor did it keep in the 
game Place; for when firſt it began, it appeared a little to the 
Northwards of the Zenith, but by Degrees declining towards 
the South, the long Striæ of Light, which aroſe from all 


« Parts of the Northern Semicircle of the Horizon, ſeemed to 


meet together, not much above the Head of Caſtor, or the 
northern Tavin, and there ſoon diſappeared. 


„ After the firſt Inpetus of the aſcending Vapour was over, 


the Corona appeared no more; but ſtill, without any Order, 
as to Time or Place, or Size, luminous Radii, like the former, 
continued to ariſe perpendicularly, now oftener, and again 


« ſeldomer ; now here, now there; now larger, now ſhorter, 


Nor did they proceed, as at firſt, out of a Cloud, but oftener 
WE © would emerge at once out of the pure Sky, which was more 
WF © than ordinary ſerene and ſtill. Nor were they all of the ſame 
Form. Moſt of them ſeemed to end in a Point upwards, 
like ere&t Cones ; others like truncate Cones, or Cylinders, 
8 © ſo much reſembling the long Tails of Comets, that at firſt 
WF © Sight they might well be taken for ſuch. Some of thoſe 
Rays would continue viſible for ſeveral Minutes; when others, 
and thoſe the much greater Part, juſt ſhewed themſelves, and 


died away. Some ſeemed to have little Motion, and to ſtand, 


We © 25 it were, fixed among the Stars, whilſt others, with a very 
we ©* perceptible Tranſlation, moved from Eaſt to Weſt under the 
ole, contrary to the Motion of the Heavens; by which 
Means they would ſometimes ſeem to run together, and at 


other Times to fly one another. 
After this Sight had continued about an Hour and a half, 


W © thoſe Beams began to riſe much fewer in Number, and not near 


WW {9 high ; and by Degrees, that diffaſed Light, which had illu- 


Q - ay ſtrated 
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black Cloud; but it is evident that it ;; 10 
real Cloud, becauſe the ſmalleſt Stars are z. 
ſible through it. This apparent Cloud is ex. 
tended ſometimes farther towards the Weg 


than 


ſtrated the northern Parts of the Hemiſphere, ſeemed to ſub. 
fide, and ſettling on the Horizon, formed the Reſemblarce 9 
a very bright Crepuſeulum. That this was the State of thi 
Phenomenon, in the firit Hours, is abundantly confirmed by the 
unanimous Conſent of ſeveral. For, by the Letters we hay 
received from almoſt all the extreme Parts of the Kingdon 
there is found very little Difference from what appeared x 


London and Oxford; unleſs that in the North of Figl 


and in Scotland, the Light ſeemed ſomewhat ſtronger and 
brighter. 

« Hitherto J have related the Obſervations of others; «6 
myſelf, I had no Notice of this Matter, till about nine of the 
Clock : I immediately perceived toward the South and South. 
welt Quarter, that though the Sky was clear, yet it was tinged 
with a ſtrange Sort of Light ; ſo that the ſmaller Stars were 
ſcarce to be ſeen, and much as it is when the Moon of four 
Days old appears after Twilight. I perceived at the (ane 
Timea very thin Vapour to paſs before us, which aroſe fro 
the preciſe Eaſt Part of the Horizon, aſcending obliquely, ſo 
as to leave the Zenith about fifteen or twenty Degrees to the 
Northward. But the Swiftneſs, wherewith it proceeded, wa 
ſcarce to be believed, feeming not inferior to that of Light: 
ning; and exhibiting, as it paſſed on, a Sort of momentaneou 
Nubecula, which diſcover'd itſelf by a very diluted and fein 
Whiteneſs; and was no ſooner formed, but, before the He 
could well take it, it was gone, and left no Signs behind it. 
Nor was this a fingle Appearance; but for ſeveral Minute 
about ſix or ſeven Times in a Minute, the ſame was again an6 
again repeated; theſe Waves of Vapour regularly ſucceeding 
one another, and at Intervals very nearly equal ; all of then 
in their Aſcent producing a like tranſient Nubecula. 

By this Particular we were firſt aſſured, that the Vapour t 
ſaw, became conſpicuous by its own proper Light, withouttie 
Help of the Sun's Beams; for theſe Nubeculæ did not cilcort 
themſelves in any other Part of their Paſſage, but only betvetl 


the South-eait and South, where being oppoſite to the . 
b 6 they 
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than to the Eaſt; ſometimes farther towards 
tue Eaſt, than to the Weſt ; and generally takes 
- WS up a Quarter of the Horizon, more or leſs. 


2. The 


they were deepeſt immerſed in the Cone of the Earth's Sh2- 
dow); nor were they Viſible before or after. Whereas the 
. contrary muſt have happened, had they borrowed their Light 
from the Sun. 

on the weltern Side of the northern Horizon, viz. between 
WT © Welt and Nerth-weſt, not much paſt ten of the Clock, I ob- 
ſerved the Repreſentation of a very bright Twilight, con- 
W « tiguous to the Horizon, out of which aroſe very long Beams 
of Light, not exactly erect towards the Vertex, but ſomething 
WF < declining towards the South; which, aſcending by a quick 
and undulating Motion to a conſiderable Height, vaniſhed in 
a little Time; whilſt others, though at uncertain Intervals, 
W © ſupplied their Place, But at the ſame Time, through all the 
W © reſt of the northern Horizon, viz. from the North-weſt to 
« the true Zaſt, there did not appear any Sign of Light to ariſe 
from, or join to, the Horizon ; but what appeared to be an 
We © excceding black and diſmal Cloud, ſeemed to hang over all 
that Part of it. Yet was it no Cloud, but only the ſerene Sky, 
more than ordinary pure and limpid, ſo that the bright Stars 
W © ſhone clearly in it, and particularly Canuda Cygni, then very 
* low in the North ; the great Blackneſs manifeſtly proceeding 
from the Neighbourhood of the Light, which was collected 
above it. For the Light had now put on a Form quite different 
from all that we have been deſcribing, and had faſhioned itſelf 
into the Shape of two Laminæ, or Streaks, lying in a Poſition 
8 © purallel to the Horizon, whoſe Edges were but ill terminated. 
hey extended themſelves from the North by Eaſt to the 
W © North-eaſt, and were each about a Degree broad ; the under- 
© molt about eight or nine Degrees high, and the other about 
bur or five Degrees over it; theſe kept their Places for a long 
Time, and made the Sky ſo light, that I believe a Man might 
8 © <:lily have read an ordinary Print by the Help thereof. 


vo: WG © VV hilt I was viewing this ſurpriſing Light, and expecting 
the WS © what was farther to come, the northern End of the upper La- 
jc a mina by Degrees went downwards, and at length cloſed with 
cen a © the End of the other that was under it, ſo as to ſhut up on the 
un, WS North Side an intermediate Space, which füll continued open 


hey l Q_ 3 | . 
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2. The upper Edge of this Cloud (wig 


is ſometimes within leſs than fix Degree; a * 
the Horizon, and ſometimes forty or fifty bon 


It 
te to the Eaſt. Not long after this, in the ſaid included Space, 
* ſaw a great Number of ſmall Columns, or whitiſh Streaks, f 
«© appear ſuddenly erect to the Horizon, and reaching from the 
« one Lamina to the other; which inſtantly diſappearing, wer 
* too quick for the Eye, fo that I could not judge, whether thy 
«© aroſe from the under, or fell from the upper; by their (ud 
% Alterations, they made ſuch an Appearance, as might vel 
** enough be taken to reſemble the Conflict of Men in Battle, 

* And much about the ſame T'ime, there began on a ſudden ty 
«© appear, low under the Pole, and very near due North, threeer 
& four lucid Areas, like Clouds, diſcovering themſelves in the 
pure but very black Sky, by their yellowiſh Light. hee, x 
% they broke out at once, ſo after they had continued a fey 
% Minutes, diſappeared as quick, as if a Curtain had been dan 
% over them: Nor were they of any determined Figure, but both 
in Shape and Size might properly be compared to imal 
Clouds illuminated by the full Moon, but brighter. 

« Not long after this, from above the foreſaid two Laning, 
< there aroſe a very great Pyramidal Figure, like a Spear, ſhar 
«« at the Top, whoſe Sides were inclined to each other, wich u 
« Angle of about four or five Degrees, and which ſeemed u 
reach up to the Zenith, or beyond it, This was carried with 
an equable, and not very flow Motion, from the North-eaf, 
„% where it aroſe, into the North-weſt, where it diſappeared, fil 
„ keeping in a perpendicular Situation, or very near it; ard 
«« paſſing ſucceſſively over all the Stars of the /ittle Bear, dd 
„not efface the ſmaller ones in the Tail, which are of tie fd 
«« Magnitude ; ſuch was the extream Rariety, and Perſpicult 
of the Matter whereof it conſiſted. 

«© This ſingle Beam was very remarkable for its Height aboit 
all thoſe, that, for a great while before, had preceded it, 
„ that followed it. | | 

« It being now paſt eleven of the Clock, and nothing new d 
*« fering itſelf to our View, but repeated Phaſes of ihe (at 
*« Spectacle; I obſerved, that the two Laminæ, or Stress, 
parallel to the Horizon, had now wholly ditzppeared ; ill 
the u hole Spectacle reduced itſelf to the Refemblance of , 10 
66 bright 
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Sit) is generally terminated with a very lucid 
Arch, from one to four or five Degrees broad, 


E whoſe Center is below the Horizon. Some 
times 


. bright Crepuſculum ſettling on the Northern Horizon, ſo as to 
be brighteſt and higheſt under the Pole itſelf ; from whence it 
8+ ſpread both Ways into the North-eaſt and North-weſt. Un- 
« der this, in the Middle thereof, there appeared a very black 
«© Space, as it were the Segment of a leſſer Circle of the Sphere 
« cut off by the Horizon, It ſeemed to the Bye like a dark 
Cloud, but was not ſo ; for by the Teleſcope the ſmall Stars 
« appeared through it more clearly than uſual, conſidering 
% how low they were: And upon this as a Baſis, our Lumen 
«© Auroriforme reſted, which was no other than a Segment of a 
„Ring, or Zone of the Sphere, intercepted between two pa- 
« rallel leſſer Circles, cut off likewiſe by the Horizon ; or the 
« Segment of a very broad Iris, but of one uniform Colour, 
« mix. a Flame-Colour inclining to Yellow, the Center thereof 
«+ being about forty Degrees below the Horizon. And above 
this there were ſeen ſome Rudiments of a much larger Seg- 
„ ment, with an Interval of Sky between, but this was ſo ex- 
« ceeding feint and uncertain, that T could make no proper 
Eſtimate thereof. | 
« I attended this Phenomenon till near three in the Morning, 
and the Riſing of the Moon: But for above two Hours toge- 
ther it had no Manner of Change in its Appearance, nor Di- 
minution, nor Increaſe of Light; only ſometimes, for very 
T** ſhort Intervals, as if new Fewel had been caſt on a Fire, the 
Light ſeemed to undulate and ſparkle not unlike the rifing of 
a vaporous Smoak out of a great Blaze when agitated. But 
one Thing I aſſured myſelf of, that the Vis like Figure did by 
no means owe its Origin to the Sun's Beams: For that about 
three in the Morning, the Sun being in the Middle between 
the North and Eaſt, our Aurora had not followed him, but 
ended in that very Point where he then was: Whereas in the 
true North, which the Sun had long paſſed, the Light re- 
= mained unchanged, and in its full Luſtre.” 
= Appearances of this Kind have been taken Notice of both by 
Wliny, Seneca, and Ariftotle ; the laſt of which calls the vibrating 
icht near the Zenith, Aadel; the more ſteady perpendicular 
treams, Aexô; and the Aurora itſell, from the apparent dark 
loud juſt below it, xd ud, That Aurora which was obſerved 


— 
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times there are two or more of theſe Arche: 

1 
one above another. In ſome, the Cloud is not 
terminated by an Arch, but by a long bright 


Streak 


by Monſieur Gi in Provence, on the 21ſt of September, in 
the Year 1621, was very remarkable, at that Time. 

He tells us, that about the End of Twilight in the Event 
when the Sky was very clear, and there was no Moon, ther 
appeared in the North a Sort of a rifing Vorn, which aſcend. 
ing by Degrees, became intermingled with certain Streaks, 2 
it were, or Rays perpendicular to the Horizon: And that at the 
{ame Time there appeared ſome ſmall paſing whitiſh Clouds 
between the South and the Place of the Son's ſetting in Winter: 
and that in the Place where the Sun ſets in Summer, a briokt 
Redneſs ſeemed to ariſe in the Form of a Pyramid, which 
moved towards the ſetting of the Sun at the Equine ; ant 
which was. diſtinguiſhed into three ſeveral Pyramids, which in 
a lite Time were confounded one with another, and at lf 
diſappeared. When this Redneſs ceaſed, the northern Whiterels 
was riſen forty Degrees and more, that is, about the Altitude af 
the Pole-Star, forming itſelf into an Arch, and taking up net 
fixty Degrees of the Horizon. After this, certain CB, d 
Columns of Rays, ſome whiter, and ſome a little darker, beg: 
more plainly to be difiinguiſhed, of about two Degrees in 
BreaCcth, and perpendicularly poſited ; ſo that all that Part p- 
peared as it were fluted. The whole Circumference imme- 
diately appeared ſcalloped ; and then ſome of thoſe Columns 
which were in the Micdle, and that were the whiteſt, began i 
it were to leave their Places with great Impetuoſity, and in leh 
than a Quarter of a Minute, raiſed themſelves almoſt to the 
Top, putting on the Form of Pyramids, which they would r. 
tain four or five Minutes. It was about nine of the Clock, 
when the Arch of Whiteneſs began to decreaſe or fink ; it 
which Time certain very white Streams of Smoke began t0 
iſſue out from the Columns which were r: maining under the 
Pyramids, and darting upwards with very great Repidiy 
through the Pyramids, like Javelins,. vaniſhed immediately 
when they came to the Tops of them. This Spectacle laſted 
about an Hour; after which the Whiteneſs ſunk down de 
about fix Degrees of the Horizon. Vide Abrege de Gaſſer 
Tom. V. P. 245, 


This 
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treak of Light, lying parallel to the Horizon. 
he Limb of this luminous Arch, or parallel 
Ptreak, is not always even and regular, but 
Inks lower in ſome Parts, than in others. 
3. Out of this Arch proceed Streams of 
Light, generally perpendicular to the Horigon, 
but ſometimes a little inclined to it. Moſt of 
them ſeem to end in a Point, like Pyramids 
or Cones ; and often very much reſemble the 
FT ails of Comets. Sometimes there is no lumi- 
nous Arch, nor Streak of Light; and then 
the Streams ſeem to iſſue out from behind the 
dark Cloud, being diſtinct from each other at 
their Baſes. : 

4. The upper Ends of the Streams inceſſant- 
ly appear and vaniſh again, as quick as if a 
Curtain were drawn backwards and forwards 
before them ; which ſometimes cauſes ſuch a 
ſeeming Trembling in the Air, that you would 


This Phenomenon appeared not only to Gandi in Provence, 
but was ſeen at Places very diſtant from thence, as Tolo/e, Mon- 
taubon, Bourdeaux, Grenoble, Dijon, Paris, and Roan, &c. and 
at molt other Places in Fance, and the neighbouring Countries, 
that lie to the Northwards of Provence, unleſs where it was in⸗ 
| tercepted by Clouds; but no where in ſuch as lie at any great 
Diſtance to the Southwards of it. 

Monſieur Caſſendi is thought to have given the Name of 
Aitrora Porealis to this Phenomenon ; but this is obſerved b 
Monſieur Mairan, to be a Miſtake, See Mr. Mairan's Phy- 
ical and Hiſtorical Jreatiſe of the Aurora Borealis, in the 
8 Memoires de I Academie Royale des Sciences, Annte 1731. or an 
Abſtract of it in Philoſoph. Tranſat, No. 431. 


imagine 
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imagine the upper Part of the Heavens to be 
as it were, in Convulſions *, 

F. They ſometimes ſeem to meet in the 2, 
nith, or more commonly to the Southwarg 
it, about ten Degrees, more or leſs (ſometing 
they deviate a little to the South-eaſt of the 
Meridian, and ſometimes to the South-weſt); 
and there curling round, in ſome Meaſure, in 
tate Flame confined under an Arch; and being 
frequently tinged with various Orders of Co. 
lours, exhibit a moſt beautiful Appearance, re. 
ſembling a Canopy finely painted +, of about 
ten or twenty Degrees in Breadth. 

In many Aurora's, there are Streams aſcend. 
ing from thoſe Parts of the Heavens, which le 
ſeveral Degrees to the Southwards of the Cano- 
py; and in ſome, they appear to ariſe, though 
very rarely, almoſt as large and numerous 
from the ſouthern, as from the northern Parts 
of the Horizon. 

6. The Height of the Aurora Borealis is 
very great; for that of March the ſixth, 170 
was viſible from the Weſt Side of Ireland, to 
the Confines of Ruſſia and Poland on the 
Eaſt, and perhaps farther ; extending at leaſt 
oyer thirty Degrees of Longitude, and in La- 


* See their Motions well deſcribed in the Account we have 
of an Aurora in the Philoſoph. Tranſact. No. 395. Art. 2. 

+ See the various Colours of the Canopy, as well as thoſe df 
an Aurora itſelf, accurately deſcribed by Greenwood, in Philo- 
ſoph. Tranſact. No. 418. Art. 1. 


titude 
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Ede from about the fiftieth Degree over al- 

Fnoſt all the North of Europe, and at all Places 

Erhibiting, nearly at the ſame Time, the ſame 

Appearances. 

J. Theſe Appearances have always been 

* very frequent (as far as the Accounts we have 

Wof them inform us) in Countries that lie in, or 

near the frigid Zone, but very rare in thoſe 

Jof our Latitude; they are now become very 

frequent with us, but always ſeem to proceed 

from the North; and are as yet unknown to 

Wthe Inhabitants of the more ſouthern Parts of 
Jour Hemiſphere. Whether they are ſeen to 

choſe, who inhabit in, or near the other frigid 
Zone, is to us unknown. 

8. In ſome, there are Trains of Light run- 
ning horizontally, ſometimes from the Middle 
to the Extremes, and ſometimes from one Ex- 
teme to the other. And from theſe Trains 
often ariſe Streams perpendicular to the Hori- 
; ut and accompanying them as they paſs 
W along. 

9. When all the Streaming is over, the Au- 
Wor Borealis commonly degenerates into a 
bright Twilight in the North, and there gra- 
dually dies away. 

10. It is probable, that theſe Phenomena 
often happen in cloudy Nights, though we are 
not ſenſible of them; for 'tis obſervable, that 
in ſuch Nights there is frequently more Light 
1 | | than 
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than what uſually proceeds from the Stan 
alone. 


The moſt obvious Solution of the Auron 
Borealis, or at leaſt what would appear fo 
to ſuch as have only attended to the Circum. 
ſtances of ſome particular ones, and which hx 
accordingly been affixed by ſeveral * to thei 
Accounts of the Aurora's they have ſeen, i; 
that it is a thin Nitro-ſulphureous Vapour 
raiſed in our Atmoſphere conſiderably highe 


than the Clouds; that this Vapour by Fer. B 
mentation takes Fire, and the Exploſion d inſu 
one Portion of it kindling the next, the © : 
Flaſhes ſucceed one another, till the whk 4; 
Quantity of Vapour within their Reach is ſe 
on Fire. + 
burg 
tions 
Profe ſſor Cotes, at the End of his Deſcription of a Pham: Aut} 
menon of this Kind, inſerted in the Philoſophical Tranſactions Arc 
Ne. 365, obſerves, that ſuppoſing a Fund of Vapours or Exha- to i 
lations at a conſiderable Height above us to be diffuſed every refle 
Way into a large and ſpacious Plane, parallel to the Horizon, lie 2 
that Fund of mixed Matter by Fermentation will emit Streams; So 


and that, if the Wind be fli!!, they will aſcend perpendicularly 
upwards ; otherwiſe they wil! be inclined towards that Point df 
the Horizon which is oppoſite to that from which the Wird 
blows ; and that they will appear, by the Rules of Perſpective, 
in the firſt Caſe, to converge to the Spectator's Zenith, in the 
other, to ſome Point not far from it; and that, if this Fund of 
Vapours be ſituated more to the North than the South, it will 
produce Streams of Light, atiended with ſuch Circumſtances 35 
then appeared: But he does not ſay, why the Vapours {hould 
be ſituated rather to the North than to the South, or proceed to 
account for all the Phenomena of the Aurora Borealis in general 
from thence, | 

Some 
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Some have thought, that Vapours rarefied 
exceedingly by ſubterraneous Fire, and tinged 
with ſulphureous Steams, might from thence 


be diſpoſed to ſhine in the Night, and riſing 
op to the Top of the Atmoſphere, or even be- 
„ond its Limits (as we find the Vapours of 
a Gun-powder, when heated in Vacuo, will ſhine 


in the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 
E thoſe Undulations in the Air, which conſtitute 
this Phenomena. 

But theſe Hypotheſes have been rejected, as 
inſufficient ; it having been thought impoſſible 
to account for all the Circumſtances of the 
Aurora by them *. 


In the Commentaries of the Academy of Sciences at Peters- 
lurgh, J find a late Solution of the Aurora Borealis from Exhala- 
tions fermenting and taking Fire in the Atmoſphere, which, the 
Author Chr. Maier ſays, occaſion the Appearance of the lucid 
Arch in the North, and thinks that the Streams, which ſeem 
to iſſue from thence, are no other than the Light of that Arch 
reflected to us from the under Side of iome thin Clouds, that 
lie above it. As to its appearing in the I\orth rather than in the 
South, he ſuppoſes that may be owing to che Cold of thoſe Re- 
gions condenſing the Exhalations, and thereby rendering them 
more liable to ferment than they are in the ſouthern ; but 
acxnowledges ingenuouſly, that he has no Reaſon to ſuppoſe 
this, but its being neceſſary to his Solution. At the End he tells 
ue, That it was known in ancient Times as well as lately: But 
omits taking Notice, that it appears much oſtner of late Years 


that Particular. Vide Commentar, Academ, Scientiar. Imperial. 
Petropalitan. Tom. I. p. 351. 
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Dr. Halley therefore has Recourſe to 4, 
magnetic Effluvia of the Earth, which he ſup: 
poſes to perform the ſame Kind of Circulatic 
with Regard to it, as the Effluvia of any pu. 
ticular Terrella * do with reſpect to that, vi; 
that they enter the Earth near the South Pole 
and pervading its Pores, paſs out again at the 
fame Diſtance from the northern : And thinks 
they may ſometimes, by the Concourſe of ſe 
veral Cauſes very rarely coincident, and to u 
as yet unknown, be capable of producing 
ſmall Degree of Light, either from the greater 
Denſity of the Matter, or perhaps from the 
greater Velocity of its Motion; after the fame 
Manner, as we ſee the Effuvia of Elefiri 
Bodies emit Light in the Dark, 

Monſieur de Mairan has given us a Phyſ- 
cal and Hiſtorical Treatiſe of the Aurora B. 
realis, and endeavours to prove that it is owin 
to the Zodiacal Light, or the Atmoſphere of 
the Sun, ſpread on each Side of it along the 
Zodiac in the Form of a Pyramid. This, he 
ſays, is ſometimes extended to ſuch a Lengti i 
as to reach beyond the Orbit of our Earth, and 
then mixing itfelf with our Atmoſphere, and 
being of an Heterogeneous Nature, produces i 


* A round Magnet, ſo called from the Reſemblance it beat 
to the Ezrth. | | 
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he ſeveral Appearances, which are obſerved 


in the Aurora Borealis &. 


I have juſt mentioned theſe two Solutions, 


Whecauſe they come from two very ingenious 


Philoſophers; though I doubt not but the Rea- 
der will agree with me, that they are much 
too fine ſpun to hold, and that they are no 
other than the ingenious Reveries of Perſons 
determined to frame an Hypotheſis at any Rate. 
I queſtion not, but we may find Materials for 


the Aurora Borealis, without going ſo far for 


them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Effluvia of the 
Earth, or the Zodzacal Light, the Nature of 
both which we are wholly unacquainted with. 
The Materials employed in the firſt Solution 
(I mean ſuch Euvia as are continually ex- 
haled from the Surface and Bowels of the 
Earth) if rightly confidered, will afford a very 


eaſy and natural one, as I ſhall endeavour to 
ſhew in the following Manner. 


Firſt, we are aſſured by Experiment, that 


there are ſome Steams (as inflammable ſulphu- 
reous ones) which are capable of ſo great a De- 
gree of Expanſion, that they will render them- 
ſelves lighter than the Air they float in, though 


* See his Account at large, referred to at the End of Note, 
Page 155, 
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ſphere, at leaſt, till they come to a Regia 


Elaſticity) is about forty or fifty Miles : by 
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it be as rare, as it can be made by Art; & 
they will riſe to the Top of the Receiver, wha 
exhauſted *, that is, when as much Air, 283 
poſſible, is drawn out : Such Steams there. 
fore or Exhalations, riſing out of the Ea 
from Mines, Vulcano's, &c. muſt neceffarj 
be buoyed up towards the Top of the Atmo. 


where the Air is as rare and expanded, asj 
can be made by the Air Pump, here beloy 
This Height, according to Dr. Halley's Com. 
putation 8, (which he founded upon the Air, 


probably it is much greater; for the Ar, 
which is higher than Vapours, and other H. 
terogeneous Matter, that is not elaſtic, riſe to 
being much purer than any we can make Ex 
periments upon, may be indued with a much 
greater Degree of Elaſticity, and ſo the At 
moſphere may be conſiderably higher, than 
what he, upon that Principle, computes it t 
be. 

Secondly, Theſe Efluvia being raiſed toi 
the Top of the Atmoſphere, or near it, an 
floating there, will neceſſarily be carried to- 
wards the polar Parts thereof, for the follow- 
ing Reaſons. 1. Becauſe the ſuperior Current 


* See Philoſoph. Tranſact. No. 347. and 360. 

+ It is impcſlible to extract all the Air cut of a Veſſel, becut 
it is by the Spring of the Air remaining in the Veſſel, that ile 
Valves of the Pump are opened at ezch Stroke, 
| Philoſoph. Tran. act. No. 181. 


of | ; 
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of the Air; to a Wer Diſtance from the E 777% 
tor, is N ay *, 2. We know from Exe 
iment, th a whatever ſwims upon a Fluid. 
which E6toes upon an Avis, is thereby cars , 
ried wen that Axis. This 1s exactly the, 
Caſe of theſe Euvia, for they ſwim near. the; 
Top of the Atmoſphere which « continually 4s 
es about the Axis of the Earth; they muſt, 
therefore neceffatily be carried towards. the 


polar Parts thereof. £ 
'Thirdly, Theſe Efftuvia being | collefied 


together at, or near the Poles, Fo of. n in- 
1 Natufe, may y al ſuppo 25 3 1 


e 


and emit Streams op Pie, Which Se will 
Wniturally riſe up i into ſuch Parts of the Atmo 
phere as are ſtill lighter than that wherein the 
WEfluvia, 5 that is, directiy upwards from, 


Rules of Per ſpetive, thoſe Streams, though 


F they really,diverge, as Radii from a Center, 
vill appear to a Spectator on the Surface of the 


Point will ſeem to be directly over his Head, if 


ter of the Earth: but if they deviate all one 
May from that Direction, the Point will be on 


* As explained in Diſſertation V. 


q the Center o the] Earth. But, according, to the N 


WEarth to converge towards a Point: which 


the Streams aſcend in right Lines from the Cen- | 
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that Side the Zenith towards which they l. 


cline *. 3 fre 
To illuſtrate this; ſuppoſe ſeveral String to 
wy down from the Ceiling of a Room, and, fro 
Candle placed upon a Table below them, the | 
Shadows of them all will converge towards the for 
Point, that is over the Candle, And, if they en 
are made to incline, ſuppoſe all one Way, th 
Point of Convergency will remove from ove: MK rall 
the Candle, towards that Side of the Room ts i 712 
which.the upper Ends of the Strings incline ; {WR Bri 
Now if a Perſon had viewed them from the er 
Place where the Candle was, and referred their is © 
Places to the Ceiling, they would have ſeemed im 
to him to have converged towards the Point, 2 
where the Shadows did. " lum 


And if the Streams ſpread themſelves a 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends, 
like Cones or Pyramids ; juſt as the Ee of a 
long Walk ſeem to a Perſon that views them 


This may be made to appear in the following Manner; Let 
ADB (Vg. 38.) repreſent the Concave of the Heavens, AB the 
Horixon, C the Place of the SpeRator, IV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, Ce. Thele 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence io the 
SpeCtator's Eye, be parallel to the Streams. For Inſtance, the 
Stream EG will ſeem to riſe from e to g. LM from / to n, and 
FH from F to h, and ſo of the reſt. And NO will appear wholly 
in D, the Place to whick the reſt ſeem to converge. And if the 
Streams are as large, or ſomewhat larger at the upper Ends, than 
at the lower, they will till appear leſs there, thoſe Ends being 


fartheſt from the Speftator's Eye. 
M from 


FER one End of. it, or from a diſtant Place, 
to approach each other at that which is fatthieſt 
from him. . 

This being premiſed, we may now account 
for the ſeveral Pbænomena of the Aurora 
realis before laid down. As, 

1. The Blackneſs of the Sky, which 8 
rally appears in the northern Parts of the Ho- 
rizon, like a dark Cloud, is occaſioned by the 
[Brightneſs of the luminous Matter of = Au 
era juſt above 1 it. That the Sky is clear here, 
is 8 (as was obſer ved before) becauſe the 
ſmalleſt Stars are ſeen through it. 8 

2. The lucid Arch immediately above, is the 
luminous Matter of the Aurora itſelf, which 
ſametimes exhibits the Appearahce of a Curve, 
ſometimes of a ſtraight Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve: For. by the Rules 
of Perſpective, when a ſtraight t Line is diſtended 
; horizontally, and above the Spectator's Eye, 
t ought to appear bent into a Curve, whoſe 
Kenter is below the Horizon *. Sometimes 


„ Thus, when a Perſon ſtands fronting a Row of Hoſe, and 


Point that will be higher than where it is cat by any of the reſt ; 
iche Points where the Heavens will ſeem to be cut by the Tops 


Pt the Points, taken all together, will repreſent a Curve. 
; R 2 than 


St appears on one Side the North Point, more. 


| over the Tops of them, if they are all of an equal Height, 
hat Houſe which is neareſt him, will ſeem to cut the Heavens in 


thode, which are on the Right and Left Hand of the SpeQtator, 
Sil deſcend lower and lower, ts the Houſes are farther off; ſo 
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that Side the Zenith towards which they in 
n „ 
To illuſtrate this; ſuppoſe ſeveral String, 
many down from the Ceiling of a Room, and; 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point, that is over the Candle, And, if they 
are made to incline, ſuppoſe all one Way, the 
Point of Convergency will remove from oe 
the Candle, towards that Side of the Room 1 
which.the upper Ends of the Strings incline; 
Now if a Perſon had viewed them from the 
Place where the Candle was, and referred ther 
Places to the Ceiling, they would have ſeemed 
to him to have converged towards the Point, 
where the Shadows did. cheer 3 
And if the Streams ſpread themſelves a 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends 
like Cones or Pyramids ; juſt as the Se of 
long Walk ſeem to a Perſon that views them 


* This may be made to appear in the following Manner; Lt 
ADB (Fig. 38.) repreſent the Concave of the Heavens, AB the 
Horizon, C the Place of the Spectator, TV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, Cc. The 
Streams will all ſeem to converge towards the Point D, if the 
Point be taken ſuch, that the Line DC drawn from thence io th 
SpeCtator's Eye, be parallel to the Streams. For Inſtance, the 
Stream EG will ſeem to riſe from e to g. LM from / to u. al 
FH from J to 5h, and ſo of the reſt. And NO will appear wholly 


in D, the Place to which the reſt ſeem to converge. And if the & 


Streams are as large, or ſomewhat larger at the upper End, than 


at the lower, they will ſtill appear leſs there, thoſe Ends being Si 


fartheſt from the Speftator's Eye. . 
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From him. 
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om one End of it, or from a diſtant Place, 
o approach each other at that which is fartheſt 


This being premiſed, we may now account 


Wor the ſeveral Phenomena of the Aurora Bo- 


TFealis before laid down. As, X 


«> 


1. The Blackneſs of the Sky, which gene- 


; ally appears in the northern Parts of the Ho- 
zen, like a dark Cloud, is occaſioned by the 
Prightneſs of the luminous Matter of the Au- 


Fora juſt above it. That the Sky is clear here, 


evident (as was obſerved before) becauſe the 
malleſt Stars are ſeen through it. 8 12 


2. The lucid Arch immediately above, is the 
Juminous Matter of the Aurora itſelf, which 
Wometimes exhibits the Appearance of a Curve, 
Pmetimes of a ftraight Line, according to its 


orm and Situation in the Atmoſphere, though 


Scnerally that of a Curve: For, by the Rules 


4 Perſpective, when a ſtraight Line is diſtended 


dorizontally, and above the Spectator's Eye, 


WM ought to appear bent into a Curve, whoſe 


enter is below the Horizon *. Sometimes 
© appears on one Side the North Point, more 


* Thus, when a Perſon ſtands fronting a Row of Houſes, and 
55 over the Tops of them, if they are all of an equal Height, 


Wat Houſe which is neareſt him, will ſeem to cut the Heavens in 
Point that will be higher than where it is cut by any of the reſt ; 
che Points where the Heavens will ſeem to be cut by the Tops 

IF thoſe, which are on the Right and Left Hand of the Spectator. 
Dill deſcend lower and lower, as the Houſes are farther off; ſo 
= it the Points, taken all together, will repreſent a Curve. 


R 2 than 


— k — —  — — — * . . 
nene — — | 


— — —— 


* a . — « * 
— wa . _— PS — — * 


—_—_— 
—_ 


2 „ 2 
: : | : — = - 
* Aa . — * 1 2 wei het 


166 Of the Aurora Borealis, Pax l 
than on the other ; ſometimes regular, ſome. 
times irregular," as the various Circumſtancy 
of the Air's Motion at the Top of the Atm; 
ſphere, and of the Situation of the flaming 
Matter, tay be! <7 no 25099 221 
3. The Streams of Light, iſſuing out of the 
lucid Arch, are Streams of *Fire emitted Up- 
wards from the Matter of the Aurora, and 
ſeem, for the Reaſons already laid down, tg 
converge towards the Zenith of the Spectato. 
Why they incline a'little ſometimes from the 
Perpendicular, will be explained in the fiſh 
Remark, where we account for the Situation 
of the Canopy. When no luminons Arch ap- 
pears, it is probable, that it is intercepted by 
the Horizon, or by the Vapours which float 
in great Quantities therein. 
4. The trembling obſerved in the upper Pat 
of the Heavens, is owing to the Quickneſ 
wherewith the Flaſhes ſucceed one another, Wl 
and alſo to the irregular Motions and Agitations Wh; 
of the ſuperior Parts of the Atmoſphere, | 
5. So long as the luminous Matter of the 
Aurora is all of it towards the North of us, 
the Streams cannot ſeem to meet in a Point at 
the Top, as will appear to any one that conl- 
ders the Figure referred to in the Note (p. 164); We 
but after it has advanced forwards, or become i 
kindled over our Heads, then they appear o 
meet, and form the Canopy already deſcribed; . 
and when it has paſſed further (till, they ſeem 20. 
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Par; "though they arg much 
Bern than on A DOrETR 


2 urora 


why the Center of tlie Canopy is generally a 
few Degrees to tile Sbuth o the Speditor's 


Zenith * is, becauſe the luminous eams, 


gubftance of the Aurora, will natu rally di verge 
little from the middle ones; and, as thoſe 
which appear to us, proceed chiefly from the 
ſouthern” Side (that being neareſt to us) the 
Point of Convergency will neceſſarily be placed 
to the South of out Zenith, according to what 
vas fad above about the Inclination of the 
rings hanging froth the Ceiling of a Room. 
If che Center of the Canopy is ſometimes to 
Phe Eaſt ward, and ſometimes to the Weſtward 
pf the Meridian, that depends upon the Mo- 


Whe Subſtance” of tlie Aurora, and through 


Wometimes a little obliquely, 


; 

ess be near the Spectator's Zenith, whete-ever he is; which | 
5 believe is the Caſe, ſor J have met with no, Account where 
s otherwiſe ; and ſo evefy Spectator ſees a different Canopy, 
as, when ſeveral Perſons are viewing a Rainbow, no two 


4 2 ſee the ſame Rainbow at the ſame Time. See Part III. 
208. N 


which ifſae forth from tlie extrerine Parts of the 


on of that Part of the Air, which is above 


Which the Streams paſs, as they riſe. This 
ſo it is that makes the Streams ſeem to ariſe. 


8 * According to this Theory, the Center of the Catopy will 
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6. The great Height of the Aurora is oy. WW 5] 
ing to the exceeding Lightneſs of the Efluvi, pe 
which compoſe the Subſtance of it (a «x. 
plained above) and the darting of the Seam for 
upwards, into Regions perhaps quite above ter 
the Atmoſphere, occaſions it to exhibit at va all 
diſtant Places the ſame Appearances at the it! 
ſame Time. | 


7. That the Aurora appears near the Pa, 
and never at or near the Equator, is becauſe 
of the Tendency the Matter of it has towak iſ 
the Poles, as explained above. And that i 
appears in Places more diſtant from the Pal, 
than it formerly did, is becauſe the Eff, 
which are now raiſed from the Earth, at 
prevented from approaching ſo near the poly 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts being already ſtocked with other, i 
which were formerly raiſed, and are now if 
grown Fete by frequent Fermentations and i 
Exploſions. | ; 


8. The horizontal Trains of Light are te de 
Subſtance of the Aurora juſt taking Fir Tt 
which runs from one Part to another, as np. 
Train of Gun-powder kindled in any o P. 
Part; and ſends up Streams perpendiculaty . 
from Places, where it meets with a great Re 
Quantity of Matter than ordinarx. 7 

9. When the Matter of the Aurora 1s ſol 34 
ſpent, as to emit no more Streams, it app 37 


only as a bright ſteady Light in the * / 
* W | 


Diſſ VII. Of the-Aurora. Borealis. 169 
which gradually dies away, for Want of freſh 
| Fewel to ſupport it. SG 

10. As the Vapours, of which Clouds are 
formed, never riſe ſo high, as where the Mat- 
ter of the Aurora Borealis floats ; it is not at 
all inconſiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our Sight, by 
the Interpoſition of Clouds below. 


Ke farther on this Subject, Ariftote!. Meteor. 
Lib. I. Cap. 4, 5. Plinii Hiſtor. Natural. 
tap. 26, 27. Senec. Queſt. Natural. Lib. I. 
Ha. Prodigiorum ac Oſtentorum Chronicon, 
pafim. Julius Obſequens de Prodigiis, Cap. 
z. 43, 88. Gaſſendi Animadverſ. in Dicg. 
c WS Laert. Lib. X. p. 1157. Cornelius Gemma 
de divinis Naturæ Characteriſmis. Nicephori 
Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. Jid. 
Hal. Hiſtor. Goth. Tom. I. p. 65. Bibli- 
othec. Orientalis Clementino- Vaticana, Tom.]. 
p. 407. Gregor. Tur. paſſim. Mem. de Lit. 
de l' Acad. des Inſcriptions & Belles Lettres, 
„Tom. IV. p. 43 1. Miſcellan. Berolin. Tom. I. 
ip. 137. Theatr. Comet. Staniſ. Lubienietæ, 
p-. 264, 348. Mem. pour ſervir a l Hiſtor. de 
France, Tom. I. p. 168. Mem. de I Acad. 
= WY Royal de Sciences, for almoſt each Year fince 
1716. Philoſoph. Tranſ. N'. 305, 310, 320, 
347, 348, 349, 351, 352, 363, 365, 368, 
376, 385, 395, 398, 399, 402, 410, 418, 
; i; and the Authors referred to by Mr. John- 
| 


n, in his Quæſt. Philoſoph. Cap. IV. F. 3. 
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the Eggs of Fermentation, it 
be amiſs, before I put an End to theſe Diſſer. 
tations; to add a ſhort Account of tlie Nature 


of it, and to ſhew how thoſe Effects are hob! I 
duced by it. req! 

Fermentation is a mutual Genatnatianich the , 
conſtituent Particles of Bodies, one among an- the 
other; and ariſes. from an Inequality in ther WW Por 
Attractions of Coheſion, Authors diſtingnil, RF - 
it into two Kinds; the one is that which h- Flu 
pens. when a Solid is diſſolved by a Fluid; the the 
other is, when two Fluids, being mixed to- N 
gether, ferment with each other. cCier 

Thoſe Authors, who have treated of the AQ 
firſt of theſe, tell us, That to cauſe a Fermen- ; 
tation between a Solid and a Fluid, ſeveral Wa fi 
Circumſtances are neceſſary, Particularly Dr. N wh 
Friend *, and Keil +, are of: Opinion, ma 

Ls That the Particles of the Solid muſt at- to 
tract thoſe of the Fluid with a greater Force, I the 
than the Particles of the F luid attract one Sur 


another. 


gee his Chymical Lectures. 
+ See his Leitet to Dr. Cockburn, De Legibus Attrafimis. 


2. That 
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2. That the Pores of the Solid muſt not be 
too ſmall- to admit the Particles of the Fluid 
into them. T ads ie: Dem. | 

z. That the Body be of ſo looſe a Contex- 
ture, that the Force of Impact, with which 
the Particles of the Fluid ruſh into its Pores, 
| may be ſufficient to diſunite its Parts. | 
4. That the Elaſticity of the Particles tends 
yery much to promote, and augment the 
Fermentation. 5 „ Yo S007: -: 
Dr. Boerbaave makes alſo four Conditions 
requiſite *. | 

1. That there be a due Proportion between 
the Size of the Particles of the Fluid, and the 
Pores of the Body to be diflolved. 
2. That the Figure of the Particles of the 
Fluid have a determinate Relation to that of 
the Pores of the Solid. 1 
Z. That the Particles of the Fluid be ſuffi- 
ciently ſolid, that their Moment, or Force of 
Action may not be too weak. n 
4. The laſt Qualification, he mentions, is 
Ea fit Diſpoſition of the Particles of the Fluid, 
when received into the Pores of the Solid, ta 
make ſome Stay there, and not immediately 
to paſs through; but to act every Way upon 
the Solid, as they move towards the external 
Surface thereof. 


— 
* 


Dr. Boerbaave's Chemiſtry, by Shaw, p. 344. 


But 
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But we have no Occaſion to have Recom . 
to ſo many Suppoſitions: If the Particles of Par 
Solid attract thoſe of the Fluid with a preae; WW * 
Degree of Force than either thoſe of the Plud ae 
or thoſe of the Solid attract one another * 19 thar 
is ſufficient ; and there will follow a Diſſolution off 
of the Body, as may clearly be demonſtrated Part 
from the Laws of Mechanics, whatever te on 


other Circumſtances, relating to the Figure « 
Magnitude of Pores, &c. may be . | 


This may be thought an impoſſible Suppoſition, for the 
Force of Attraction of Coheſion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of, there cannot be a greater Quantity d 
Surface between every two Particles, one of which is a Partide 
of the Solid, and the other a Particle of the Fluid, than then 
is between every two. Particles, which are either both of the 
Solid, or both of the Fluid ; and therefore the Particles of the 
Solid cannot attract thoſe of the Fluid with greater Force than 
either thoſe of the Solid or thoſe of the Fluid attract one another, 
But it is to be conſidered, that we are not ſo well acquainted witl 
the Nature of the Attraction of Coheſion, as to determine exaf 
in what Manner, and by what Laws it acts. The Experiment 
made Uſe of for this Purpoſe, only ſhew that ſo long as we ty 
them with the ſame Kind of Bodies, the Attraction is larger 
where the Contact is ſo. See Part I. Chap. III. But we ban 
no Method of determining, whether the Difference of Atm. 
tion, which various Bodies exert upon one another, ariſes ſole 
from 1 Difference * their N or not. NORTE 

em. Thus, let f, //, , Cc. (Fiz. 39.) t a Seri 
4 Particles of a F 14 de 45 2 Fe Series of thoſe of 
ſolid Body, contiguous to one another: and let the pricket 
Lines ff; Ff. &c. repreſent the Forces of Attraction beten 
the Fluid Particles one among another, and 2s, 1, C. 
thoſe of the ſolid ones among themſelves ; and let the bud 
Lines , sf, &c. expreſs thoſe which are between the fus 
and ſolid Particles. Now, the latter Forces being by the 5p 
poſition ſtronger than the former, the fluid Particles will tet 


frog 
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| When a Solid is put into a Fluid, if their 
Particles. have the above-mentioned Relation 
to each other, thoſe of the Solid being at- 
trated with greater Force towards the Fluid, 
chan they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
particles of the Fluid; and for the like Reaſon, 
choſe of the Fluid will open ta themſelves a 
Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their reſpective Motions. ccaſe,. unleſs. their 


om eich other, and fuffer thoſe of the Solid to enter in be- 
Wween them; and for the fame Reaſon the ſolid Particles will 
ive Way to thoſe of the Fluid. By which means, the Diſtances 
Wepreſented by-be pricked Lines be ing greater, the AttraC- 
ons, which they exprefs, will be Miche 3 fo that the fluid 
articles will enter quite in between e ſolid ones, and the ſolid 
Wes between the fluid ones; and both of them together will 
oſtitute ſuch a Series, as is repreſented in Figure 40, in the 
adle Rowe, , , f, Sc. where the ſolid and fluid Particles 
e mixed interchangeably ogg with another in a right Line. 
os let it be ſuppoſed, that this, Series is contiguous to one 
bich confilts wholly of Fluid: abede it as is expreſſed in the 
WE igure, and to another below, confifting of ſolid Particles only. 
WE very ſolid Particle in this Series will be attracted upwards with 
Freater Force, than it is downwards; and every fluid one with 
greater Force downwards than it is upwwards, as appears by bare 
nſpetion of the Figure, where the black Lines, as in the 
Prmer, expreſs the ſtronger Attractiens, and the pricked ones 
We weaker. And, if we ſuppoſe thy: Number of Particles in 
e Solid and in the Fluid to be nearly equal, thoſe of the Fluid 
ill not ſtop, till they have quite pafl ed through the Solid ; for 
ey will always find a Series wholtly conſiſting of ſolid Par- 
s before them, whilſt that whit h they leave behind, will 
a Mixture of both. In like manu er, the ſolid ones will paſs 
Pite through the fluid ones; for the y will always meet with 
Wore fluid ones before them, than (h ey leave behind within the 
Phere of their own Attraction. 
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Quantities--be very unequal, till they ate di. 


far as its attractive Force extends; and then 
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fuſed uniformly one among another; as 5. 
may very eaſily coneeive 3 for till they ther 
will atways be ſome Particles attracted with: 
greater Degree of Forces one Way than'they 
are another. 91 DUE ,i - S031 go 
And'if more of the Solid be added to thi 
Fluid, the Particles of the Fluid will alſo ep. 
ter into that Solid, till each is ſurrounded on 
all Sides with ſolid Particles, as far as its 4. 
tractive Force reaches. After which the Fluid 
will (as they ſay) be ſaturated, and will diffolze 
e ee n PO.” 
Again, if more of the Fluid be poured upon 
that Solid, the ſolid Particles will diffuſe them. 
ſelves farther into the Fluid, till each of them 
is encompaſſed with” Particles of the Fluid, a 


they will fpread themſelves no farther. 
But in either Caſe, if another Solid, or 
Fluid, the attractive Force of whoſe Particles 
differ from thoſe of the former, be added, a 
freſh; Fermentation will begin, - provided the 
attractive Forces between the Particles of the 
former Mixture, and of thoſe which are now 
added; have ſuch a Relation to each other, 2 
is neceſſary to produce it 
Upon this Principle it ſhould ſeem, that: 
Fluid ſhould always be capable of diſſolving 
more than an equal Quantity of a Solid; and 
that a Solid ſhould be capable of entering n 


and 


and diffuſing {elf through more than: an 
equal Quantity:of Fluid. The Reaſon why 
it is frequently, dot ſo is, becauſe it commonly 
Piopens, that the Fluid and t Solid ate mot 
of equal ſpecific Gravities. hen the Solid 
is heavieſt, ſo many of its Particles will not 
' aſcend and enter into the Fluid, as would 
otherwiſe have done ; and on the contrary, 


when the Fluid is heavieſt, che Weight of 


its Particles will be an Impediment to their 
riſing into, and diſſolving ſo much of the 
Solid as it otherwiſe might have done. 

We have no Occaſion to diſtinguiſh Fermen- 
tation into two Kinds, with regard to its Cauſes; 
for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
together, if the Particles of the one attract thoſe 
| of the other, with greater Force than either 
thoſe of the one, or thoſe of the other attract 
| themſelves, a Fermentation will equally enſue, 
the Cauſe being the fame in both Caſes. 


When two Fluids, or a Solid and a Fluid, 


ferment with each other, if the Agitation and 
inteſtine Motion of their Particles be very 
great, or continues a long Time, and if the 
& Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt 
another, be ſufficiently heated to take Fire, 
and burſt out into Flame; as was ſaid of the 
ſereral Compoſitions mentioned in the fore- 
8 going Diſſertations, 

j See 
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Of the Nature and Propagation of Light. 


W 


N treating of the Nature of Fluids, I have 
explained ſuch Phenomena as reſult from 
F ſmall Particles of Matter collected toge- 
mer, and acted upon according to the Laws 
Wi Mechaniſm; the Order of my Deſign now 
rings me to ſhew how according to the ſame 
aws ſuch Phenomena, as reſult from the 
Emiſſion of infinitely ſmall Particles from lu- 
adus Bodies, are produced; which Phenc- 
Pena, being the Means, whereby the Images 
external Objects are repreſented to our 
£ linds, by the Intervention of our Organs of 
| | A-2 Sight, 


4 Of the Mature and Part Ill 


Sight, are for that Reaſon called Optical, ani 
the Doctrine, by which they are explained, the 
Science of Opt/zes®. Ce 2d 

Every viſible Body emits or reflects incor. 


a | 0 
ceivably ſmall Particles of Matter from ea» Mc; 
Point of its Surface, which iſſue from it con. pt 
tinually, (not unlike Sparks from a Coal) i Wi |: 
ſtratt Lines and in all Directions. Theſe Pu. n 
ticles entering the Eye, and ſtriking upon the p 
Retina (a Nerve expanded on the back Pata t 

| the Eye to receive their Impulſes) excite in u 
Minds the Idea of Light. And as they dit it. 
in Subſtance, Denſity, Velocity, or Magn N 
tude +, they produce in us the Ideas of differ. be 
ent Colours; as will be explained in its proper Wh 5: 
an WIS LOO IN Thu P. 

| al 

* Optics is generally divided into two Parts, viz, Dior 
under which is comprehended every Thing that relates to i: 
Appearances of Bodies ſeen through tranſparent Subſtances, any " 
Catoptrics, or what relates to the ſeeing of Bodies by reſed wh 
Tight. To theſe we may add a third, which properly comes w <** 

er neither of the former Diſtinctions, and that is, he Din Wl M: 
of Colours, which explains every Thing that relates to the Ca of 
of the Diverſity of Colours obſervable in natural Bodies. : no 

+ It is more probable, that they differ either in Magnin * 
or Denſity, than in Velocity or Subſtance. For, if the Dif BP . 
ence of Colours ariſe from the different Velocity of the Rays6 * 

Light, then the Colours of Objects would appear changed u * 

Eye placed under Water, or within any Medium differing ftomtt fo 
Air in. Denſity : For when a Ray of Light paſſes out of a l. for 

am into another of different Denſity, it undergoes an Alteratidl in 
in its Velocity, as will be explained hereafter. And to ſuppdt af 
them to differ in Subſtance, is contrary to that Uniformitſ" the 


Things, which is obſervable in the Univerſe ; as well as ey 3 
4 Wn TV 6 auf "i 


| Chap. 1. Propagation of Light. 8 


That the Particles, which conſtitute Light, 
are exceedingly ſmall, appears from hence, 
413. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it, are ca- 
pable of paſſing through it at once without the 
leaſt Confuſion ; for any one of thoſe Objects 
may as clearly be ſeen. through it as if no Rays 
paſſed through it from any of the reſt. Fur- 
ther, if a Candle is lighted, and there be. no 
Obſtacle in the Way to obſtruct the Progreſs of 
its Rays, it will fill all the Space within two 


Miles of it every Way with luminous Particles, 


before it has loſt the leaſt ſenſible Part af its 
Subſtance thereby. 1 2B 1 60 102 
That theſe Particles proceed from every 


* 


Point of the Surface of a viſible Body, and in 
all Directions, is clear from hence, vig. be- 


Wy nant to that Hemogeneity in the primogeneal Parts of Matter, 
which from the Experiments hitherto made, is thought to exiſt 
every where. Whereas, if we ſuppoſe them to differ either in 
= Magnitude or Denſity, nothing is more eaſy than to ſee how thoſe 
of the ſame Kind ſhould, however refracted, produce the ſame 
Colours; and alſo how thoſe which produce different Colours, 
mould ſuffer different Degrees of Refraction in paſſing through 
the ſame Medium. As to the firſt, it is ſelf-evident, becauſe 
eſraction cannot alter their Magnitudes or Denſities; as to the 
Leond, it is probable, that the more intenſe and ſtronger Cò- 
z lours, the Rays of which ſuffer the leaſt Refraction, are produ- 
ed by the larger, or more denſe Particles of Light: For, that 


ſuch Particles ſhould be leſs refracted than others, is quite con- 


£ ſonant to the Laws of Attraction of Coheſion, which, as it acts 
n Proportion to the Surfaces of Bodies only, muſt neceſſarily 


affect the larger, or the more denſe Particles, leſs than it does 


f the reſt; becauſe ſuch have larger Momenta or Forces in Pro- 
Portion to their Surfaces, than others have. | 


A 3 cauſe 
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6 "Of rhe Malure und Putt ll 
cauſe where-ever a Spectator is placed with n. 
gard to the Body, every Point of that Part gf 
the Surface which is turned towards him, izy. 
fible to him, That they proceed from the By 
in right Lines, we are aſſured, becauſe juſt þ 
many and no more will be intercepted in thei 
Paſſage to any Place, by af interpoſed Ohjeg 
as that Object ought to intercept, ſuppoſing 
them to come in ſuch Lines. 

The Velocity, with which they proceed 
from the Surface of the viſible Body is no le 
furprizing, than their Minuteneſs : The Method 
whereby Philoſophers eſtimate their Swiftnek, 
is by Obſervations made on the Eclipſes of J. 


piter's Satellites, which Eclipſes to us apper 


about ſeven Minutes ſooner than they ought t 
do. by Calculation, when the Earth is placed 
between the Sun and him; that is, when ye 
are neareſt him, and as much later, when the 
Sun is between him and us, at which Time we 
are fartheſt from him; from whence it is con- 
ciuded, that they require about feven Minute 
to paſs over a Space equal to the Diſtance be. 
tween the Sun and us, which is about Eight 
one Millions of Miles“. | ; 


* This affords us another Proof of the ſarprizing Fineneſzd 
the Particles of Light; for the above-mentioned Velocity of the 
Rays is confiderably more than a Million of Times greater that 
that of a Cannon Ball. Were they not therefore inconce1va9 


mall, the Eye would be rather wounded than delighted A 
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Chap. I. Propegatzon of Light. 7 


A · Stream of theſe Particles dong, from the 
gurface of a viſible Body in one and the fame 


Direction, is called a Ray of Light. _ 


1 . 


0 As Rays proceed from a viſible Bod y in | ll 
y Directions, they. neceſſarily become thinner 
he and thinner, continually ſpreading themſelves, 


as they paſs along, into a larger Space, and that 
in Proportion to the. Squares of their Diſtances 
from the Body“; that is, at the Diſtance of 
two Spaces, they are four Times thinner, than 
they are at one; at the Diſtance of three Spares, 
nine Times thinner, and fo on: The Reaſon of 
which is, becauſe they ſpread themſelves in a 
twofold Manner, viz. upwards and downwards, 
as well as fide-ways. A. 


, 


them ; and the tender Flowers of Plants would be ſo E. from 
being cheriſhed by them, that they would be torn in Pieces, 
and not able to ſtand before them. | 31 35 
* This Propoſition is demonſtrated mathematically thus; let 
us conceive two concentric Surfaces ABD, and EFG (Fig. 1.) 
aud in theſe, two fimilar Portions ELFI, and AHBK; let the 
W Rays CE and CF, with the reſt proceeding from the Center C, 
fall upon the Portion ELFI and cover it; it is evident from In- 
ſpection of the Figure, that the ſame Rays at the Diſtance CH 
W will cover the Portion AHBK only; now theſe Rays being the 
fame in Number at each Place, will be thinner in the former, 
than they are in the latter, in Proportion as that is larger than 
this; but theſe Spaces being ſimilar Portions of the Surfaces of 
Spheres, bear the ſame Proportion to each other, that the Sur- 
faces themſelves do, that is, they are to each other as the 
Squares of their Radii CL, CH; the Rays therefore are more 
diffuſed, or thinner in Proportion to the Squares of the ſame 
Radii, or of their Diſtances from the luminous Point C. 


A 4 The 


fructed; the Laws of which Refraction are the 


Preſſure upon the Materia Subtilis, with which they ſuppoſed the 
Univerſe to be full. But according to this Hyporhe/is, it could 


8' © Of ibe Muture, & c. Part Il 

The Particles of Light are ſubject to the 
Laws of Attraction of Coheſion like other ſmal 
Bodies, for if a Ray of Light be made to pi 
by the Edge of a Knife, it will be diverted from 
its natural Courſe, and be infected towards the 
Edge of the Knife. The like Inflection hap. 
— 1 a Ray when it enters obliquely into: 

nſer or rarer Subſtance than that in which it 
was before, in which Caſe it is ſaid to be re. 


Subject of the following Chapter“. 


The Cartefien Notion of Light, was not, that it is pro. 
ated from luminous Bodies by the Emiſſion of ſmall Particles, 
ut that it was communicated to the Organ of Sight by thei 


. * 


never be dark; becauſe when a Fluid ſuſtains any Preſſure, if 
that Fluid fills all the Space it takes up, abſolutely, without lea. 
ing any Pores, which is the Caſe of the ſuppoſed Materia hib. 
tilis; then that Preſſure muſt neceſſarily be communicated equaly 
and inflantaneo/ly to every Part: And therefore, whether the 
Sun were above or below the Horizon, the Preſſure communi 
cated; and conſequently the Light, would be the ſame. And 
farther, as the Preſſure would be inſtantaneous, ſo would the 
Light, which is contrary to what is collected, as we obſerved 
above, from the Eclipſes of Jupiter's Satellites. 
„ N 8 | | 
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of the Cane of Refraction, and the 
Law by w0Þ1ch it 15 performed. 


Hatever Subſtance, a Ray of Light 
paſſes through, or if it paſs through a 
Space void of all Subſtance, it is ſaid by Phi- 
loſophers to 10 through a Medium; and there- 
fore if it paſſes out of any Subſtance, as Air or 
Glaſs, into a Vacuum, or the contrary, it is ſaid 
to paſs out of one Medium into another. 

All Bodies being endued with an attractive 
Force, which is extended to ſome Diſtance 
beyond their Surfaces ; when a Ray of Light 
paſſes out of a rarer into a denſer Medium (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe *, and 
what we ſhall hereafter always ſuppoſe, unleſs 
it be mentioned to the contrary) the Ray juſt 
before its Entrance, will begin to be attracted 
| towards the denſer Medium, and this Attrac- 
tion will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
ſhall ſhew by and by ; and therefore if a Ray 
| approaches a denſer Medium in a Direction 
perpendicular to its Surface, its Velocity wall 


In oily and inflammable Bodies it happens otherwife ; for 


they are obſerved to attract more ſtrongly than others of greater 
Denſity. | | 
be 


10 TheCauſe of Refiaction, ¶c. Part ll 
be continually accelerated during its Paſſage 
through the Space in which that Attraction ex. 
erts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at the 
oppoſite Side of the Medium, with a greater 
Degree of Velocity than it had before it en. 
tered. So that in this Caſe its Velocity only will 
be altered. Whereas, if a Ray enters a denſe 
Medium obliquely, it will not only have its Ve. 
locity augmented thereby, but its Direction 
will become leſs oblique to the Surface. Juſt 
as when a Stone is thrown downwards obliquely 
from a Precipice, it falls to the Surface of the 
Ground in a DireCtion nearer to a perpendicular 
one, than that with which it was thrown from 
the Hand. From hence we ſee a Ray of Light 
in; paſting out of a rarer into a denſer Mediun, 
is: refracted o4vards the Perpendicular ; that is 
ſuppoſing a Line drawn perpendicularly to the 
Surface of the Medium, through the Point whete 
the Ray enters, and extended both Ways, the 
Ray in paſſing through the Surface is refraRed 
or bent towards the perpendicular Line; or, 
which is the ſame Thing, the Line which it 
deſetibes by its Motion after it has paſſed thro 
the Surface, makes a lefs Angle with the Per- 
pendicular, than the Line it deſcribed before, 
All which may be illuſtrated in the following 


Manner. 
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l. Ne ſc of Raftaction, Mb. TT 
8e Let us ſuppoſe firſt,” that the Ray paſſes 
. but of à Vacuum into the denſer Medium AB 


CD, (Fig. 2.) and that the attructive Force of 
each Particle in the Medium is extended from 
its reſpective Center to a Diſtance equał᷑ to that 
which is between the Lines AB and EF, or AB 
and GH; and let KL be the Path deſeribed by 
2 Ray of Light in its Progreſs towards the den- 
ſer Medium. This Ray when it arrives at Lill 
enter the attractive Forces of thoſe Particles 
which lie in AB the Surface of the denſer Me. 
dium, and will therefore ceaſe to proceed any 
longer in the right Line KLM, but will be di- 
rerted from its Courſe by being attracted to- 
wards the Line AB, and will begin to deſoribe 
the Curve LN, paſting through the Surface AB 
in fome new Direction as OQ, thereby making 
a leſs Angle with a Line as PR drawn perpen- 
dicularly through the Point N, than it would 
* done, had it proceeded in its firſt Direction 
Farther, whereas we have ſuppoſed the 
| attractive Force of each Particle to be ex- 
tended through a Space equal to the Diſtance 
between AB and E F, it is evident, the Ray 
after it has entered the Surface, will ſtill be 
attracted downwards, till it has arrived at 
the Line EF; for till that Time, there will 
not be ſo many Particles above it which will 
attract it upwards, as below, that will at- 
tract it downwards. So that after it has en- 


12 TheCauſeof Refraction, Mb. Part Ill 
tered the Surface at N, in the Direction 00. 
it will not proceed in that Direction, but wil 
continue to deſcribe a- Curve, as N 8, after 
which it will proceed ſtrait on towards the 
oppoſite Side of the Medium, being attracted 
equally every Way; and therefore will at la 
proceed in the Direction XS {till nearer the 
Perpendicular PR than before. 
No if we ſuppoſe the Space ABYZ not to 
be a Vacuum, but a rarer Medium than the 
other, the Caſe will ſtill be the ſame; but the 
Ray will not be ſo much refracted from its rec- 
tilineal Courſe, becauſe the Attraction of the 
Particles of the upper Medium being in a con- 
trary Direction to that of the Attraction of 
thoſe in the lower one, the Attraction of the 
denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rarer. 
On the contrary; when a Ray paſſes out 
of a denſer into a rarer Medium, if its Direc- 
tion be perpendicular to the Surface of the 
Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Spaces of At- 
traction of that Medium (that is, the Space 
wherein it is attracted more one Way than it 
is another.) If its Direction be oblique, i 
will continually recede from the Perpendicu- 
lar during its Paſſage, and by that Means have 
its Obliquity encreaſed, juſt as a Stone thrown 
up obliquely from the Surface of the Earth 
increaſes: its Obliquity all the Time it riſes 
Thus, ſuppoſing the Ray T paſſing out of thc 


denſer 


N 
#5 
i 


Chap. 2. The Cauſe of Refraction, &. 13 


Q WM denſer Mediain: ABCD into the rater ABYZ; 
ven it arrives at 8 it will begin to be attracted 
ter downwards, and fo will deſcribe the Curve 
he NL, and then proceed in the right Line LK, 


making a larger Angle with the Perpendicular 
PR, thn the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 
The Space through which the Attraction of 
Coheſion of the Particles of Matter is extended 
is ſo very mall, that in conſidering the Progreſs 
of a Ray of Light out of one 2 into an- 
other, the Curvature it deſcribes in paſſing 
through the Space of Attraction is * 
neglected ; and it its Path is ſuppoſed to be bent, 
or in the uſual Terms, the Ray is ſuppoſed to 
be refracted only in the Ten Whats it enters 
the denſer Medium. vt bash 
Now the Line, which a Ao Heſcribes be- 


ut fore it enters a denſer or a rater Medium is 
c- called the Incident Ray; that which it de- 
he WF ſcribes after it has entered, is the granny 
its Ray. 

\t- The Angle comprehended between Ghai In- 


cident Ray and the Perpendicular, is the Au- 
gle of Incidence; and that between the refracted 
Ray and the Perpendicular, is the Huge gf ** 
fraction. 1 

There is a enim and imtüutable Law: or 
Rule, by which Refraction is always perform- 
ed; and that is this: Whatever Inclination a 
Ray of Light has to the Surface of any Medi- 
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um before it enters it, the Degree of RefraRion 
will always be ſuch, that the Proportion be. 
tween the Sine of the Angle! of its Incidence, 
and that of the Angle of its Refraction, will al. 
ways be the fame in that Medium &. 
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Temma. If from à Point as M (Zig. 4.) taken any where 
without the Circle PN, a Line as MP be drawn. paſſing through 
L the Center of the Circle, and terminated in the Circumference 
at P, the Product of MQ multiplied by MP is equal to the Dif, 
ference bet een the Squares of ML and PI 2, do 

Demonfiratich of the Lemma. Call M, a; and the Radius of 
the Circle LQ or LP, $;. then will the Diameter QP be expreſ. 
üble by 24, and the whole Line MP, by a+ 24; then multiply. 
ing MQ by MP, that is, @ by a+26, 'we have for the Produ 
of this, aa z. Now the Square of the Line ML, which is 
expreſſible by a-+6, is aa2ab+bb; and the Square of PL iz 
bb; but the Difference between theſe Squares, wiz. aa+2aþ 
i and is evidemſy aa 205; and therefore the Product oſ 

MQ multiplied by MP is equal to the Difference between the 
Squares of ML and PL. 2. E. D. _ 


 - Demonſtration of the Propoſition. When 4 Ray of Light paſſes 


through the Space of Attraction of any Madium, it is evident 
that its Motion will be ſubject to the like Laws with that of 
Projectiles, provided we ſuppoſe it to be ated =—_ with an 
equal Degree of Force daring its whole Paſſage through that 
Space, as is commonly ſuppoſed to be the Caſe in Proje2iles to 
whatever Height they-are thrown from the Earth. We will 


therefore put a Caſe as nearly parallel as may be to that which 


was demonſtrated of Projectiles in the ſeventh Chapter of ths 
firſt Part; and ſuppoſe firſt, that the Force of Attraction of the 


denſer Med:um is at all Diſtances the ſame as far as it reaches, 


and that the Ray proceeds out of a denſer into 4 rarer Medium; 


in which Caſe it will be attracted back towards the denſer Me- | 
dium, during its Paſſage through the Space of Attraction, in 
like Manner as a Prgje#ile thrown upwards is while it riſes from 


the Earth. ' Let then ABCD (Fig. 4.) repreſent the denſer M- 
dium, and ABEF the Space of Attraction; and let G H be a 
Ray about to enter the 8 of Attraction at H, and let G 


be produced to M. Now it is evident, that in this Suppoſition, 
the Ray when at H, is in the ſame Circumſtances with * 
Nee „ 7 


Chap. 2. The Cauſeof Refraction, Ic. x 5 


To illuſtrate this, Let us ſuppoſe A BCD 
(Fig. 3.) to repreſent a rarer, and AB EF a 
denſer Medium; let G H be a Ray of Light 


paſſing 


jeile about to be thrown upwards from H towards M, it will 
therefore deſcribe a Portion of a Paralala as HI; to which the 
Line HM will be a Tangent at H; and the Line IK, in which 
it would proceed after it has paſſed the Space of Attraction, a 
Tangent tv it at I; for after having left the attractive Force at 

it goes ſtrait on in its Iaſt Direction. Let the Perpendicu- 

IR be drawn meeting G H produced in M, and let KI be 
produced to L. On the Center L with the Radius L 1, de- 
{cribe the Circle PNQ, let fall the Perpendicular LO upon MR, 
and join the Points L and N. Now it is demonſtrated in the 
Caſe of Projectiles, that the Parameter of the Point H is equal 


to _ and therefore the Parameter multiplied by MI is 


equal to HMq. And it b there farther demonſtrated; that the 
faid Parameter is equal to four times the Height which a Body 
mult fall from, to acquire the Velocity the Projectile has at 
H; this Parameter therefore is a Quantity not at all depending 
on the Direction of the Projectile, but on its Velocity only ; 
and conſequently in the preſent Suppoſition it is a given Quan- 
tity, the Ray GH being ſuppoſed to have the ſame Velocity, 
Whatever is its Inclination to the Surface AB. Now the Tan- 
gent KI being produced to L, will by the Property of the Pa- 
zabola, biſect the other Tangent H M, wherefore the Line LO 
deing parallel to HR, MR will alſo be biſected in O; and add- 
ang the equal Lines OI and ON to each Part, MN will be equal 
to IR; but the Line IR is alſo a Line independent of the Incli- 
nation of the Ray GH, its Length being determined by the 
Breadth of the Space of Attraction ABEF only, and therefore 
MN is a given Quantity. Now, whereas MI, when multi- 
plied by the Parameter of the Point H, which before was ſhewn 
to be a given Line, is equal to the Square of HM, therefore the 
lame Line MI when multiplied by any other given Line (wiz. 

N) if it is not equal to, will nevertheleſs bear a given Pro- 
portion to the Square of HM: But ſince MI multiplied by MN 
bears à given Proportion (wiz. a Proportion that does not depend 
on the - nclination of the Ray GH) to the Square of MH, its 
equal, viz. the Product of MQ multiplied by MP ( 37 El. z.) 
or what is equal 30 this, the Difference between the Squares of 


MI. 
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paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 
ſuppoſing the Perpendicular PR drawn through 


the Point H, on the Center H, and with any 


ML and PL. (by the foregoing Lemma), or, which is the ſams 
Thing, of ML and LI, (becauſe PL and LI are Radli of the 
ſame Circle) does ſo too. Now the Square of ML bears alſo 3 
gwen Proportion to the Square of MH (ML being equal to half 
MH) conſequently there is a given Proportion between the 
Square of ML and the Difference of the Squares of ML and LI, 
and therefore there is a certain Proportion between the Lines 
themſelves, wiz. between ML and LI. But in every Triangle 
the Sides are proportionable to the Sines of their oppoſite Angles, 
therefore in the Triangle MLT, the Sine of the Angle LMI has 
given Proportion to the Sine of the Angle LIM, or of its Com- 

ement to two right ones MIK (for they have the ſame Sine: 
Buk LMI being an Angle made by the incident Ray GH pro. 
duced, with the Perpendicular RM, is the Angle of Incidence, 
and MK being made by the refracted Ray IK, and the ſame 
Perpendicular, is the Angle of Refraction, therefore in this Caſe 
there is a conſtant Ratio between the Sine of the Angle of Inci. 
dence; and chat of the Angle of Refraction. | $5340 

Ma have here ſuppoſed that the Force of Attraction is every 
were uniform, but if it be otherwiſe, provided it be the ſame 
every where at the ſame Diſtances from the Surface AB, the 
Proportion between the forementioned Sines will {till be a given 
one. For, let us imagine the Space of Attraction divided into 
parallel Planes, and = Attraction to be the ſame through the 
whale-Breadth-of each Plane though different in different Planes, 
the Sine of the Angle of Incidence out of each will, by what 
has been demonſtrated above, be to the Sine of the Angle 
ol. Reſtaction into the! next in a given Ratie; and therefore, 
fince the Sine of the Angle of Refraction out of one will be 
the Sine of the Angle of Incidence into the next, it is evident 
that the Sine of the Angle of Incidence into the firſt will be in 
a given Ratio to the Sine of the Angle of Refraction out of 
the laſt. Now let us ſuppoſe the Thickneſs of theſe Planes di- 
miniſhed in inſinitum, and their Number proportionably in- 
creaſed, the Law of Refraction will ſtill continue the ſame; 
and therefore whether the Attraction be uniform or not, there 
will be a conſtant Ratio between the Sine of the Angle of Inci- 


gence and of Refraction. 2. E. D. 9 8 | 
| | Radius 


” 
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Radius deſcribe the Circle APBR, and from G 


and I where the incident and refracted Rays 
cut the Circle, let fall the Lines GK and IL 


perpendiculatly upon the Line PR, the former 


of theſe will be the Sine of the Angle of Inci- 
dence, the latter of Refraction. Now if in 
this Caſe, the Ray GH. is fo refracted at H, 
that GK is double or triple, &c. of IL, then 


whatever other Inclination the Ray GH might 


have had, the Sine of its Angle of Incidence 


would have been double, or triple, &c. to that 
of its Angle of Refraction. For Inſtance, had 
the Ray paſſed in the Line MH before Refrac- 
tion, it would have paſſed in ſome Line, as HN 


afterwards, ſo ſituated that MO ſhould have been 
double or triple, &c. of NQ. 2106 


When a Ray paſſes, out of a Vacuum into 


Air, the Sine of the Angle of Incidence is 
found to be to that of Refraction, as 160036 
to 100000. 


When it paſſes out of Air into Water, as 


about 4 to 3. | 


When out of Air into Glaſs, as about 17 to 


11. 
When out of Air into a Diamond, as about 
5 to 2. 1 


Bi. nas 
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HRA 


Of the Refraction of Light in Paſſin - 
thro' plain and ſpherical Surfaces, ; \ 


S Rays of Light are capable of having Mo 

their Progreſs altered by Refraction or Weis! 

Reflection, it is poſſible they may acquire v4 

rious Inclinations and Directions different from 

thoſe which they had at their Emiſſion from 
the Surfaces of viſible Bodies. 

When they recede from each other as they 
paſs along, they are ſaid to diverge ; and the 
Point they proceed from, is called the Radiant 
Point, OE RT 

When they proceed towards any Point ap- 
| Nose nos nearer together in their Progreſs, 
they are then ſaid to converge; and the Point 
towards which they tend, is called the Focus. 

This Focus may be either real or inagi- 
nary; it is ſaid to be real, when the Rays actu- 
ally proceed to it; but if they are interceptel 
in their Progreſs, or turned another Way be- 
fore they reach it, it is called their magna) 
Focus. 

Sometimes it happens, that Rays are ſo te- 
fracted or reflected, that they proceed ate 
wards, as from ſome Point, which is not thel 
true Radiant, then alſo that Point is called thel 
imaginary Focus. 


Whol 
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When they proceed in parallel Lines, they 

are then called parallel Rays; and both their 
rocus and radiant Point is ſuppoſed to be at an 
g Winfinite Diſtance. 


When Rays paſs out of one Medium into 


another, they ſuffer various Alterations in their 
Motion. All which are expreſſed in the 

or Meighteen following Propoſitions, 0 
2. | 
m 1. When parallel Rays fall obliquely on a 
m plain Surface of a Medium of different Denſity, 
they are parallel alſo after Refraction. For ha- 
ving all the ſame Inclination to the Surface, 
they ſuffer an equal Degree of Refraction. 

II. When diverging Rays paſs out of a rarer 
into a denſer Medium through a plain Surface, 
hey are made thereby to diverge leſs. 

For being all refracted towards their reſpec- 
ve Perpendiculars, (but thoſe the moſt that 
re the moſt oblique to the Surface,) they are 
brought nearer to a Paralleliſm among them- 
elves; that is, they are made to diverge leſs 


ley 
the 


ant 


els, 
int 


an before. 
be See this and the following Caſes expreſſed more 
er minately, and demonſtrated in the Note 


below &. 


HI, When 


different Denſity through a plain Surface; if they diverge, 
he focal Diſtance will be to that of the radiant Point; if they 
onverge, it will be to that of the imaginary Focus of the inci- 
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III. When they proceed out of a denſer into 
a rarer Medium, the contrary happens; for then 
being refracted from their reſpective Perpendi. 
culars, and thoſe the moſt that are the moſt ob. 
lique, they are made to diverge more. 


IV. 80 


dent Rays, as the Sine of the Angle of Incidence is to that a 
the Angle of Refraction. 

This Propoſition admits of four Caſes. _ 

Caſe 1. Of diverging Rays paſſing out of a rarer into a denſe 
Medium. 

Dem. Let X (Fig. 10.) repreſent a rarer, and Z a denſer Il. 
dium, ſeparated from each other by the plain Surface AB} (up. 
poſe Ck and CD to be two diverging Rays proceeding from 
the Point C, the one perpendicular to the Surface, the other 
oblique ; through E draw the Perpendicular PK. The Ry 
CD being perpendicular to the Surface will proceed on in the 
right Line CQ, but the other falling on it obliquely at E, and 
there entering a denſer Medium, will ſuffer a Refraction toward; 
the Perpendicular EK. Let then EG be the refrafted Ray, 


and produce it back till it interſects DC produced alſo, in F; 1 
this will be the focal Point. On the Center E and with the Ra. 45 
dius EF, deſcribe the Circle AFBQ, and produce EC to H, th 
draw HI the Sine of the Angle of Incidence and GK that df fe: 
Refraction; equal to this is FP or CM, which let be draw WW 5. 
Now if we ſuppoſe the Points D and E contiguous, or near 2 
fo, then will the Line HE be almoſt coincident with FD, 24 ©. 
therefore FD will be to CD as HE to CE; but HE is to H 1 
as HI to CM, becauſe the Triangles HIE and CME are fm. , 
lar; that is, the focal Diſtance of the Ray CE is to the Diſtance jer 
of the Radiant Point, as the Sine of the Angle of Incidence | 
is to that of the Angle of Refraction. ©. E. DB. ra 
Obſ. 1. Whereas the Ratio of FE to ME, or which is the ſat | 
Thing, that of nD to CD bears the exact Proportion of Hl FF 
CM, and becauſe this, (being the Ratio of the Sine of the Au po 
Incidence to that of the Angle of Refraction is alway: 1 dir 
jane, the Line In is in all Tudlinations of the Ray CE, « Bi - 
fame Diſtance from CM; conſequently bad CF. been coinciin Wi on 
' ewith CD, the Point H had fallen upon n; and 58 the Cirth = 
Mes through both H and F, F auen, allo have fallen uf J 


apes 
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IV. So when converging Rays paſs out cf 
a rarer into a denſer Medium, through a plain 
surface, they are made thereby to converge 


lels. 
For 


on which Account the Focus of the Ray CE auculd have been there. 
Bat the Ray CE being oblique to the Surface DB, the Point H is at 
ſim: Diſtance from n; and therefore the Point F is neceſſarily ſo too, 
and the more ſo by how muck the greater that Diſtance is: from 
avhence it is clear, that no two Rays fioxving from the radiant Point 
C ard falling with different Obliquities on the Surface BD, will 
afier Refraction there, proceed as from the ſame Point; therefore 
fiialy Jeating, there is no one Paint in the Line D produced, that can 
more properly be called the Focus of Rays flowing from C, than an- 
other : for thoſe which enter the refracting Surface near D, will after 
Refraftion free as has been obſerved, from the Parts about n; 
theſe aubich enter near E, will flow as from the Parts about F; 
thiſe which enter about T, as from ſome Points in the Line DF pro- 
duced, &c. And it is farther to be obſerved, that echen the Angle 
DCE becomes large, the Line nF increaſes apace; wherefore thaſe 
Rays which fall near T, proceed after Refraction, as from a more 
diffuſed Space, than thoſe which fall at the ſame Diſtance from each 
other near the Point D. Upon which Account it is uſual with Op- 
tical Writers to ſuppoſe the Diſtance between the Points where the 
Rays enter the plain Surface of a rifrafting Medium, to be incon- 
ſiderable with hoard to the Diftance of the radiant Point, if they 
dverge; or to that of their imaginary Focus, if they converge : and 
unleſs there be fome particular Reaſon to the contrary, they confider 
them, as entering the ręfracting Medium in à Direction as nearly 
ſerpendicular to its Surfaces as may be. | 
Cafe 2. Of diverging Rays proceeding out of a denſer into a 
rarer Medium, | 
Dem. Let X be the denſer, Z the rarer Medium, FD and 
E two diverging Rays proceeding from the Point F; and ſup- 
poling the Perpendicular PK drawn as before, FP will be the 
vine of the Angle of Incidence of the oblique Ray FE, which 
in this Caſe being refracted from the Perpendicular, will paſs 
on in ſome Line as ER, which being produced back to the Cir- 
cumference of the Circle will cut * FD ſamewhere, ſup- 
B 3 pole 
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For being all refracted towards their reſpec. 
tive Perpendiculars, and thoſe the moſt that are 
the moſt oblique, they themſelves are brought 
nearer to a Paralleliſm, and fo converge 


leſs. 
V. On 


poſe in C, this therefore will be the imaginary Focus of the 
refracted Ray ER; draw RS the Sine of the Angle of Refrac. 
tion, to which HI will be equal: but here alſo FP or its equal 
CM, is to HI, as EC to EH, or (if the Point D and E be con. 
ſidered as contiguous) as DC to DF ; that is, the Sine of the 
Angle of Incidence is to the Sine of the Angle of RefraQtion, 
as the focal Diſtance to that of the radiant Point. 2. E. D. 

_ Coe 3. Of converging Rays paſſing out of a denſer Medim 
into a rarer. 

Dem. Let Z be the denſer, X the rarer Medium, and GE 
the incident Ray; this will be refracted from the Perpendicular 
into a Line as EH ; then all Things remaining as before, GK, 
or its equal FP, or CM will be the Sine of the Angle of Inci- 
dence, and HI that of Refraction: but theſe Lines, as before, 
are to each other, as DC to DF; that is, the focal Diſtance 
is to the Diſtance of the imaginary Focus, as the Sine of the 
* N Incidence to that of the Angle of Reſraction. 
2. Z. D. 

Caſe 4, Of converging Rays paſſing out of a rarer into a 
denſer Medium. 

Dem. Let Z be the rarer, X the denſer Medium, and RE 
the incident Ray; this will be refracted towards the Perpendi- 
cular into a Line, as EF; C will be the imaginary Focus, and 
F the real one, HI which is equal to RS, the Sine of the An- 
gle of Incidence, and FP that of the Angle of Refraction: 
but theſe are to each other, as DF to DC; and therefore the 
focal Diſtance is to that of the imaginary Focus, as the Sine of 
the Angle of Incidence is to that of the Angle of Refrachon. 
87. 


II. When parallel Rays fall upon a ſpherical Surface of dil. 
ferent Denſity, the focal Diſtance will be to the Diſtance of the 
Center of Convexity, as the Sine of the Angle of Incidence! 
to the Difference between that Sine and the Sine of the Angle 
of Refraction. . | This 
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V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the contrary Way, and ſo made to 


converge more. | 
All 


This Propoſition admits of four Caſes. : . 

Caſe 1. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a convex Surface of the denſer. ; 

Dem. Let AB (Fig. 11.) repreſent a convex Surface, C its 
Center of Convexity ; HA and DB two parallel Rays, paſting 
out of the rarer Medium X into the denſer Z, the one perpen- 
dicular to the refracting Surface, the other oblique : draw CB, 
this being a Radius, will be perpendicular to the Surface at the 
Point B; and the oblique Ray DB being in this Caſe refracted 
$ towards the Perpendicular, will proceed in ſome Line, as BF, 
mecting the other Ray in F, which will therefore be the Focal 
Poiat: produce CB to N, then will DBN, or its equal BCA 
be the Angle of Incidence, and FBC that of Refraction. Now, 
ahereas any Angle has the ſame Sine with its Complement to two 
right- ones, the Angle FCB being the Complement of ACB, which 
is equal to the Angle of Incidence, may here be taken for that 
Angle; and therefore, as the Sides of a Triangle have the ſame 
Relation to each other, that the Sines of their oppoſite Angles have, 
FB being oppeſite to this Angle, and FC being oppoſite to the An- 
| gle of Refrattion, they may heie be confidered as the Sines of 
the Angles of Incidence and of Refraction; and for the ſame 
Reaſon CB may be conſidered as the Sine of the Angle CFB, 
which Angle being together with the Angle FBC, equal to the 
external one ACL (32 EI. 1.) is itſelf equal to the Difference 
between thoſe two laſt Angles; and therefore the Line FB is 
to CB as the Sine of the Angle of Incidence is to the Sine of 
an Angle which is equal to the Difference between the Angle 
of Incidence and of Refraction. Now, becauſe in very ſmall 
Angles as theſe are, for we ſuppoſe in this Caſe alſo the Diſtance 
A B to vaniſh, the Reaſon of which auill be ſhewn by and by, their 
dines bear nearly the ſame Proportion to each other that they 
themſelves do, the Diſtance FB will be to CB as the Sine of the 
Angle of Incidence is to the Difference between that Sine and 
the Sine of the Angle of Refraction; but becay/e BA Ser, 
FB and FA are equal, and therefore FA 1s to CA in that Pro- 


portion, Q. E. D. 
B 4 Obſ. 2. 
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All which may be illuſttated in the follow. 
ing Manner. 1. Let AB, CD, (Fig. 5.) be 
two parallel Rays falling on the plain Surface 


EP 


Obſ. 2. It appears from the foregoing Demonſlration, that ll 
focal Diſtance of the Oblique Ray DB, is Juch, that the Lin If 
ſpall be to the Line CB or CA as the Sine of the Angle of Incideaty 
the Sine of an Angle, which Angle is equal to the Difference butu 
the Angle of Tucidence and Ręfraction; therefore ſo long as the An); 
BCA, &c. are ſmall, ſo long the Line BF is pretty much of the ſam 
Length, becauſe ſmall Angles bade nearly the ſame Relation to wil 
other that their Sines have. But when the Point B is removed fn 


Ity, and HA and DB two parallel Rays, as before. Through 
B the Point where the oblique Ray DB, enters the rarer M. 
dium, draw the Perpendicular CN; and let the Ray DB, being 
in this Caſe refracted from the Perpendicular, proceed in the 
Direction BM; produce BM back to H; this will be the ima. 
ginary Focus, and DBN, or its equal ACB will be the Angie 
of Ineidence, and CBM, or its equal HBN (for they are veri- 
cal) that of Refraftion ; produce DB to L and draw BF fuci, 
that the Angle LBF may be equal to NBH : then becauſe NBD 
and DBH together are equal to NBH the Angle of Refric- 
tion, therefore BCA which is equal to the firſt, and LBF Which 


from A, ſo that the Ray DB enters the Surface, ſuppoſe about O, th " 
Angles BCA, &c. becoming large, the Sine of the Angle of Incidnu _ 
begins to bear a confiderably leſs Proportion to the Sine of an Aral al 
ewhich is equal to the Difference between the Angle of Incidence and - 
Refrattion than before, and therefore the Line BF begins to bear « Io 
much leſs Proportion to BC ; wherefore its Length decreaſes ajac: r | 
Upon which Account thoſe Rays which enter the Surface about O, ni th 
only meet nearer the Center of Convexity than thoſe which enter at q; 65 
but are collected into 2 more diffuſed Space. From hence it is, thi N 
the Point where thoſe only which enter near A, are collected, is ru. } 
oned the true Focus; and the Diflance AB in all Demonſtrations relat | 
ing to the Foci of parallel Rays entering a ſpherical Surface whethy 1 
convex or concave, is ſuppoſed to vaniſh. ö 
Caſe 2. Of parallel Rays paſſing out of a denſer into a rarer a 
Medium through a concave Surface of the denſer. 
Dem. Let X be the denſer, Z the rarer Medium. AB the 
Surface by which they are ſeparated, C the Center of Convex- | 


\Þþ 
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rf of a Medium of a different Denſſty: Now 
becauſe they both make equal Angles of Inci- 
dence with their reſpective Perpendiciilars GH, 

IK, 
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' th ; equal to the ſecond, are together equal to the Angle of *Re- 
7 WY ff2ftion ; but LBF is equal to BFA (as being alternate to it) con- 
| ſequently BFA and BCA together are equal to the Angle of Re- 
{ration ; and therefore ſince one of them, viz. BCA is equal 
to the Angle of Incidence, the other is the Difference. hetween 
that Angle, and the Angle of Refraction. Now EB the Sine of 
the Angle FCB, or which is the ſame Thing, of its Complement 
to two right ones BCA, the Angle of Incidence, is to CB the 
Sine of the Angle BFC, as FB to CB; that is as [1B to CB, for 
the Angles DB and LBF being equal, the Lines BF and BH 1 
re ſo too; but the Diſtance BA vaniſhing, IB is to CB, as HA 1 
to CA: that is, the Sine of the Angle of Incidence is tothe is] 
Sine of an Angle which is the Difference between the Angle of 1 
Incidence and Refraction, or becauſe the Angles are ſmall, to 
the Difference between the Sine of the Angle of Incidenge and 
that of Refraction, as the Diſtance of the Focus from the Sur- 
face is to that of the Center from the ſame. . 2, E. D. 
Caſe 3. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface. A Irv I 
Dem. Let L be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paſſed out of a rarer into a 
denſer Medium, as in Caſe the firſt, it was refracted into the Line 
BF, this Ray LB having the ſame Inclination to che Perpendi- 
cular, will alſo ſuffer the ſame Degree of Refraction, and will 
therefore paſs on afterwards in the Line FB produced, v. g. to- 
wards P. So that, whereas in that Caſe the Point F was the 
real Focus of the incident Ray DB, the ſame Point will in this 
be the imaginary Focus of the incident Ray LB: But it was 
there demonſtrated, that the Diſtance FA is to CA, as the Sine bl 
of the Angle of Incidence is to the Difference between that and vl 
the Sine of the Angle of RetraQtion, therefore the focal Di- bj 
ſtance of the refracted Ray BP is to the Diſtance of the Center 
of Convexity in that Proportion. 2. E. D. Me | 
Caſe 4. Of parallel Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface of the denſer. 
Dem. Let Z be the denſer Medium, having the convex Sur- 
face AB, and let LB and FA be the incident Rays, as before, 
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IK, before Refraction, they will make Equal 
Angles of Refraction with them afterward 
and ſo proceed on in the parallel Lines BI. 


DM, 


Now whereas when DB was the incident Ray paſſing out of a den. 
fer into a rarer Medium, it was retracted into BM, as in Caſe the 
ſecond, having a Point as H in the Line MB produced for it 
imaginary Focus; therefore LB, for the like Reaſon as was gi. 
ven in the laſt Caſe, will in this be refracted into B H, having 
the ſame Point H for its real Focus. So that here alſo the Fo. 
cal Diftance will be to that of the Center of Convexity, as the 
Sine of the Angle of Incidence is to the Difference between that 
and the Sine of the Angle of Refraction. 2. E. D. 


III. When diverging or converging Rays enter into a Medizn 
of different Denſity through a ſpherical Surface, the Ratio com. 
pounded of that which the focal Diſtance bears to the Diſtance 
of the Radiant Point (or of the imaginary Focus of the jnci- 
dent Rays, if they converge ;) and of that, which the Diſtance 
between the ſame radiant Point (or imaginary Focus) and the 
Center, bears to the Diſtance between the Center and the Focus, 
is equal to the Ratio, which the Sine of the Angle of Incidence 
bears to the Sine of the Angle of Refraction. 

This Propoſition admits of ſixteen Caſes. 

Caſe 1. Of diverging Rays paſling out of a rarer into a denſer 
Medium, through a convex Surface of the denſer, with ſuch a De- 
gree of Divergency, that they ſhall converge after Refradtion. 

Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, C its 
Center of Convexity, and let there be two diverging Rays AB 
and AD, proceeding from the radiant Point A, the one per- 
pendicular to the Surface, the other oblique. Through the 
Center C produce the perpendicular Ray AD to F, and draw 
the Radius CB and produce it to K, and let BF be the refracted 
Ray; then will F be the focal Point; produce AB to H, and 
through the Point F draw the Line FG parallel to CB. AB 
being the incident Ray, and CK perpendicular to the Surface 
at the Point B, the Angle ABK, or which is equal to it, be- 

cauſe of the parallel Lines CB and FG, FGH is the Angle 
of Incidence. Now whereas the Complement of any Ange 
to two right ones has the ſame Sine with the Angle el, 
the Sine of the Angle FG B, that being the Complement of 
FG H 7 two right ones, may be conſidered as the Cine 
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DM. 2. Let the diverging Rays A B, AE, 
AF, (Fig. 6.) paſs out of a rarer into a den- 
er Medium, through the plain Surface GH, 

and 


tle Angle of Incidence; which Sine the Line FB, a Sides of a 
Triangle have the ſame Relaticn to each other, that the Siues of their 
alte Angles have, may be taken for. Again, the Angle FBC 
z the Angle of Refraction, or its equal, becauſe alternate to it, 
BEG, to which BG being an oppoſite Side, may be looked upon 
2s the Sine. But FB is to BG in a Ratio compounded of FB to 
BA, and of BA to BG, for the Ratio that any two Puantities 
ear to each other, is compounded of the Ratio, which the firſt bears 
tn any other, and of the Ratio which that other bears to the ſecond. 
Now FB is to BA, ſuppoſing BD to waniſh, as FD to DA; and 
BA is to BG, becauſe of the parallel Lines CB ard FG, as AC to 
CF. That is, the Ratio compounded of FD, the foral Diſtance, 
to DA, the Diſtance of the radiant Point, and of AC, the Diflance 
lelaveen the radiant Point and the Center, to CF, the Diſiance be- 
teen the Center and the Focus, is equal to that which the Sine of 
the Angle of Incidence bears to the Sine of the Angle of Re- 
fraction. Q. E. D. 

Obſ. 3. Whereas the focal Diflance of the obligue Ray AB is 
ſub, that the compound Ratio of FB to BA and of AC to CF 
ſhall be the ſame, whatever be the Diftance between B and D; 
it is evident, that fince AC is alacars of the ſame Lenth, the 
more the Line AB lengthens, the more FB muſt lengthen too, or 
eſe FC muſt ſhorten ; but it appears by Iuſpection of the Figure, 
that if BF lengthens, CF avill ds fo too, and in a greater Pro- 
portion with reſpect to its own Length than BF «vill, therefore 
the Lengthening of BF will conduce nothing towards preſerving 
the Equality of the Proportion: but as AB lengthens, B F and 
CF muſt both Horten, which is the culy poſſible Way æchercin 
the Proportion may be continued the ſame. And it is alſo aipa- 
rent, that the farther B moves hem D towards O, the faſler 
AB lengthens, and therefore the farther the Rays enter from 
D, the nearer to the refracting Surface is the Place where they 
meet, but the Space they are collefed in, is the more diffuſed : 
And therefore in this Caſe, as avell as thoſe taken Notice of in 
the tauo foregoing Obſervations, different Pays, though flowing 
from the ſame Point, foall conſlitute different Focus's; and 
zene are ſo effectual as thoſe which enter at or wery near the 
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and let the Ray AB be perpendicular to thy 
Surface; the reſt being retracted towards the; 
reſpective Perpendiculars EK, FM, and those 
the moſt that fall the fartheſt from B, they wil 


Pro- 


Point DP. And fence the ſame is obſervable of converging as avell a 
of diverging Rays, none except thoſe which enter very near that Paint, 
are uſtially taken into Confiaeration ; upon which Account it is, tha 
the" Diflance DB, in determining the focal Diſtances of diverging o 
l. Rays entering @ convex or concave Surface, is ſuppocd 1 
vaniſh. | 
Thoſe who would ſee a Method of determining the preciſe 

Point which the Ray AB, whether it be parallel, converging, 
or diverging to the Ray AF, converges to or diverges from afier 
Ref action at B or any other given Point in the Surface DO, 
may find it in the Appendix to Molineux's Optics, which for the 
Sake of thoſe who have not that Book, I ſhall ſubjoin at the 
End of this Note. | 

Caſe 2. Of converging Rays paſling out of a rarer into a den. 
fer Mum through a concave Surface of the denſer with ſuck 
Degree of Convergency, that they ſhall diverge after Refrac- 
— DE 
Dem. Bet the incident Rays be HB and FD paſſing out of a 
rarer into a denſer Medium through the concave Surface BD, 


ter, to CF, the Diſtance between the Center and the Focus, 5 
equal to that which the Sine of the Angle of Incidence bears to 

the Sine of the Angle of Refraction. 2. E. D. | 
Caſe 3. Of diverging Rays paſling out of a rarer into a den. 
ſer Medium through a convex Surface of the denſer, with ſuch 
a Degree of Divergency as to continue diverging. * 
| en. 


and tending towards the Point A, from whence the Uiverging G 
Rays flowed-in the other Caſe ; then the oblique Ray HB hay- * 
ing its Angle of Incidence HBC equal to ABK the Angle of a 
Incidence in the former Caſe, will be refracted into the Line 
BL fach, that its refracted Angle KBL will be equal to FBC X 
the Angle of Refraction in the former Caſe; that is, it will pro- 
cced alter Refraction in the Line FB produced, having the ſame 
focal Diſtance FD with the diverging Rays AB, AD, in the other 2 
Cafe. But, by what has been already demonſtrated, the Ra- . 
rio compounded of FD, the focal Diflance, to DA, in this Ca, , 
the Diſtance of the imaginary Focus of the incident Rays, and of 
AC, the Diſtance between the ſame imaginary Focus and the Ctt- l 
| 
| 


hap. 3. The Ref! Lact 101 of Light, & C. 29 
proceed in the Directions EN and FO, diverg- 
ng in a leſs Degree from the Ray AP, than 
they did before Refraction. 3. Had they pro- 
ceeded 


Dem. Let AB, AD (Fig. 13.) be the diverging Rays, and let 
their Divergency be ſo great, that the refracted Ray BL ſhall alſo 
diverge from the other; produce LB back to F which will be the 
focal Point; draw the Radius CB and produce it to K, produce 
BA likewiſe towards G, and draw FG parallel to BC. Then will 
ABK be the Angle of Incidence, whoſe Sine BF may be taken for, 
25 being oppoſite to the Angle BGF, which is the Complement 
of the other to two right ones. And LBC is the Angle of Re- 
ſtaction, or its equal KBF, or which is equal to this, BFG, as be- 
ing alternate; therefore BG the oppoſite Side to this may be ta- 
ken for the Sine of the Angle of Refraction. But BF is to BG, 
for the like Reaſon as was given in Cale the firſt, in a Ratio 
compounded of BF to BA, and of BA to BG. Now BF is to 
BA, (DB vaniſhing) as DF to DA, and becauſe of the parallel 
Lines FG and BC, the Triangles CBA and AGF are ſimilar, 
therefore BA is to AG as CA to AF, conſequently BA is to 
BA together with AG, that is, to BG, as CA is to CA together 
with AF, that is, CF. Therefore the Ratio compounded of DF 
the focal Diſtance to DA the Diſtance of the radiant Point, 
and of CA the Diſtance between the radiant Point and the 
Center, to CF the Diſtance between the Center and the Focus, 
is equal to that which the Sine of the Angle of Incidence bears 
to the Sine of the Angle of Refraction. Q. E.D..  . - 

Caſe 4. Of converging Rays paſſing out of a rarer into a den- 
ſer Medium through a concave Surface of the denſer in ſuch 
Manner that they ſhall continue converging. - 


Dem. Let HB and CD be the incident Rays paſſing out of the 


rarer into the denſer Medium through the concave Surface BD, 
and tending towards A the ſame Point from whence the diverg - 
ing Rays flowed in the laſt Caſe. Then becauſe the Ray HB 
has the ſame Inclination to the Perpendicular CK that AB had 
before, it will ſuffer the ſame Degree of Refraction, and paſs 
on in the Line LB produced, having its Focus F at the ſame 
Diſtance from the refracting Surface as that of the diverging 
Ray AB in the other Caſe. Therefore, c. Q. F. D. 

Caſe 5. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface of the denſer. 
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cceded out of a denſer into a rarer Medinn 
they would have been refracted from their Per. 


pendiculars EK, FM, and thoſe the moſt which 
were the moſt oblique, and therefore would 


have 


Dem. Let AB, AD (Fig. 14.) be the incident Rays Paſing 
out of à denſer into a rarer Medium through the concave Sur. 
face BD, whoſe Center is C; and let BL be the refracted Ray, 
Which produce back to F, and draw FG parallel to CB. Here 
ABK is the Angle of Incidence, to which its alternate one FGB 
being equal, FB the oppoſite Side may be conſidered as the 
Sine of it. The Angle of Refraction is LBC or FBK, of which 
BFG being the Complement to right ones, BG the oppoſite 
Side may be looked upon as its Sine. But BF is to BG, inthe 
compound Ratio of BF to BA and of BA to BG for the Reaſon 
given above. Now (BD vaniſhing) BF is to BA as DF to DA, 
and BA is to BG as CA ro CF. That is, the Ratio com- 
pounded of the focal Diſtance to the Diſtance of the radiant 
Point, c. 2. E. D. 

Caſe 6. Of converging Rays paſſing out of a denſer into 
rarer Medium through a convex Surface of the denſer. 

"Dem. Let HB, GD, be the incident Rays tending towards 
the Point A which was the Radiant in the laſt Caſe. Then, 
tor the Reaſon already given, the oblique Ray will ſuffer ſuch 
a- Degree of Refraction, as to have its Focus F at the ſame Di- 
{tance from the Surface, as the diverging Rays AB, AD had in 
that Caſe. Therefore, &c. 2, E. D. $69 

When the Med:ums through which Rays paſs, and the refrad- 
ing Surfaces are ſuch, that Rays flowing from A (Fig. 12.) are 
collected in F, then Rays flowing from F through' the ſame I. 
diumc the contrary Way, will be collected in A. For when Rays 
paſs:eut.of one Merium into another, the Sine of the Angle of 
Incidence bears the ſame Proportion to the Sine of the Angle of 
Refraction, as the Sine of the Angle of RefraQion does to the 
Sine of the Angle of Ineidence, when they paſs the contrary 
Way. This is applicable to each of the ſix following Cafes 
compared reſpectively with the ſix foregoing; therefore they 
may be conſidered as the Converſe of . or they may be 
demonſtrated independently of them, as follows. a 

Caſe 7. Of diverging Rays paſſing out of a' denſer into a 
rarer, Medium through a convex Surface of the denſer, ſo as t0 
converge afterwards. - 

en. 
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awe diverged more than before. 4. Let the 


erging Rays AB, CD, EF (Fig. 7.) pats 
ich Whit of a rarer into a denſer Medium, through 
the 


Dem. Let AB, AD (Fig. 15.) be two diverging Rays paſſing 
ough the convex Surface BD into a rarer Medium. Let C be 


Ning de Center of Convexity, and BF the retracted Ray. Draw CB 
Sur. ud produce it to K, and draw FG parallel to it meeting AB pro- 
Rey, ccd in G. Then will ABC be the Angle of Incidence, of 
Here hich FB being oppoſite to its alternate and equal Angle FGB, - 
0 be conſidered as the Sine. The Angle of Refraction is FBK, 


the which GB being oppoſite to its Complement to two right ones 
hich FB, may be taken for the Sine. Now FB is to BG, in a Ra- 
oſte „ compounded of FB to BA, and of BA to BG. But (BD 
the niſhing) FB is to BA as FD to DA, and becauſe of the parallel 
aſon ines CB and FG, BA is to BG as CA to CF. Therefore the 
DA, WWocal Diſtance, We. 2. E. D. 


Cab 8. Of converging Rays paſſing out of a denſer into a 
rarer Medium through a concave Surface of the denier ſo as to 
diverge afterwards. 


Dem. Let GB and FD be the incident Rays tending towards | 


0 à | 

A, and produce FB to L. Then as AB in the laſt Caſe was ! 
ds refracted into BF, GB will in this be refracted into BL, for | 
en, dhe Reaſons already given, having F for its focal Point. There- 8 
uch bre, &c. 2. E. D. | | 
Di- Caſe g. Of diverging Rays paſſing out of a denſer into a rarer 


Medium through a convex Surface ot the denſer, in ſuch Manner | 
as to continue diverging. 4. | 
d. Dem, Let AB, AD (Eg. 16.) be two Rays paſſing out of a 
are i denſer into à rarer Medium, through the convex Surface DB, 
e. WY hoſe Center of Convexity is C. Draw CB, produce it to K, and 
let BL be the refracted Ray, produce BL back to F, and draw 
of F parallel to CB meeting CA produced in G. Then will ABC 
of be the Angle of Incidence, of which FB being oppoſite to its 
he alternate and equal Angle FGB, may be conſidered as the Sine. 
be refradted Angle is LBK, or its equal CBF, of which BG 
ſes being oppoſite. to its Complement to two right ones BFG, is the 
ey WF Dine. Now BF is 40 BG in the compound Ratio of BF to BA 
be and of BA to BG: but BF is to BA as DF to DA; and becauſe 

of the parallel Lines CB and FG, the Triangles BCA, AGF 
A are ſimilar, therefore BA is to AG as CA to AF, and conſe- 
to quently BA is to BG as CA to CF. Therefore, &c. Q. E. D. 
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the plain Surface G H, and let the Ray AB bee 
perpendicular to that Surface, then the other Mint 
Rays being refracted towards their reſpec. 


in 
tive Ness 

Caſe to. Of converging Rays paſſing out of a denſer into: 
rarer Medium through a concave Surface of the denſer, in ſuch WM. n 
1; th 


Manner as to continue converging. 

Dem. Let HB, MD be the incident Rays tending towards the 
Point A. Then will the oblique Ray HB for the Reaſons al. 
ready given be refracted into BY. Therefore, &c. Q. E. ). 

Caſe 11. Of diverging Rays paſſing out of a rarer into a den. 
ſer Medium through a concave Surface of the denſer. 

Dem. Let AB, AD (Fig. 17.) be the incident Rays paſſing out 
of a rarer into a denſer Medium, through the concave Surface BD, 

whoſe Center of Convexity is C, and ſuppoſing the Line C3 WW- . 
drawn and produced to K, the refracted Ray BL drawn and pw. i, 
duced back to F, and alſo FG drawn parallel to CB, ABC vill 
be the Angle of Incidence, of which FB being oppoſite to its 
Complement to two right ones BGF, is the Sine. The Angle 
of Refraction will be LBK or its equal FBC, of which BG be. 
ing oppoſite to its equal and alternate one BFG, is the Sine. 
Now FB is to BG in the compound Ratio of FB to BA and of 
BA to BG. But (BD vaniſhing) FB is to BA as FD to DA, and 
becauſe of the parallel Lines FG and CB, BA is to BG as CA 
to CF. Therefore, Je. ©. E. D. | 

Caſe 12. Of converging Rays paſſing out of a rarer into a 
denſer Medium through a convex Surface of the denſer. 

Dem. Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laſt Caſe; then, as was explained above, 
BF will be the refracted Ray. Therefore, &c. 2. E. D. 
Ca 13. Of Rays paſſing out of a rarer into a denſer Mediun 
from a Point between the Center of Convexity and the Surface. 

- Dem. Let AB, AD (Fig. 18.) be two Rays paſſing out of 4 
rarer into a denſer Medium from the Point A, which let be po- 
fired between C the Center of Convexity and the refracting Sur. 
face BD; through B draw CK, and let BL be the refracted 
Ray; produce BL back to F and draw FG parallel to BC. 
Then will ABC be the Angle of Incidence, of which BF being 
oppoſite to its Complement to two right ones BG, is the Sine. 
LBK will be the Angle of Refraction, or its equal FBC, of 
which BG being oppoſite to its alternate and equal one "wy 

ö 
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tive Perpetidiculars DK, FM, and EF for 
Inſtance more than CD; they will proceed 
n the Directions DN, FN converging in a 


6 Degree towards the Ray AN, than they 
did 


* the Sine. But, as before, BF is to BG in a compound Ratio 
of BF to BA and of BA to BG; and (BD vaniſhing) BF is to 
BA as DF to DA, and becauſe the Lines CB and FG are paral- 
El, BA is to BG as CA to CF. Thetefote, Sc. 2. E. D. 

Caſe 14. Of Rays paſling out of a rarer into a denier Medium 

twards a Point between the Center of Convexity and the Sur- 
ice, 
Dem. Let the incident Rays be MD, HB, tending towards 
A from whence the other proceeded in the laſt Cafe. Then as 
in that Caſe the refracted Ray BL being produced back paſſed 
through F, in this the refracted Ray ittelt, for the like Reaſons 
$5 were given in the foregoing Caſes, will paſs through that 
Point, Therefore, Wc. 2. E. D. | © 


15 Caſe 15, Of Rays paſting out of a denſer into a rarer Medium 
„in a Point between the Center bf Couvexity and the Surface. 


Den. Let AB, AD (Fig. 19.) be two diverging Rays paſſing 

put of a denſer into a rarer Medium through the refracting Sur- 
lace BD, whoſe Center of Convexity is C, a Point beyond that 
tom whence the Rays low. Through B draw CK, and let BL 
be the refracted Ray, produce it back to F, and draw FG pa- 
all] to BC meeting BA produced in G. ABC will be the An- 
ple of Incidence, of which BF Being oppoſite to its alternate 
ind equal Angle BGF, is the Sine. The Angle of Refraction 
bs LBK or its equal FBC, of which BG being oppoſte to its 
omplement to two right ones BFG, is the Sine. But BF is 


25 o BG in the compound Ratio of BF to BA and of BA to BG; 
4.4 and (BD vaniſhing) BF is to BA as DF to DA, and becauſe of 
po- he parallel Lines CB and GF, the Triangles AFG and ABC 
_ lmilar, BA therefore is to AG as CA to AF, conſequently. 
Qed DA is to BA and AG together, that 1s, to BG, as CA is to CA 


and AP together, that is, to CF; and therefore the focal Di- 
nance, Oc. 4 F. D. | 
Caſe 16. Of Rays paſſing out of a denſer into a rarer Medium 


wards a Point between the Center of Convexity and the Sur- 
ace | 


© Dem, 


34 The Refraction of Light, &c. Part lll. 
did before. 5. Laſtly, Had the firſt Mediun 


been the denſer, they would have been refrac. 
ted the other Way, and therefore have con- 
verged more. 


VI. When 


Dem. Let HB, MD be the incident Rays, having for ther 
1maginary Focus the Point A which was the Radiant in the l 
Caſe, and let C the Center of Convexity of the refracting Surface 
be poſited beyond this Point. Then will HB, for the Reaſons 
already given, be refracted into BF, having the Point F for it 
real Focus which was the imaginary one of the diverging Rays 
AB, AD in the former Caſe. Therefore as before the Rat 
compounded of that which the focal Diſtance bears to the N.. 
ſtance of the imaginary Focus of the incident Rays, and of that 
which the Diftance between the ſame imaginary Focus and the 
Center, bears to the Diſtance between the Center and the Fo. 
cus, is equal to the Ratio which the Sine of the Angle of la- 
cidenee bears to the Sine of the Angle of Refraction. 2. B. ). 

The firſt Term in the foregoing Proportion (wiz. that inPro- 
poſition the 3d of this Note) being always an unknown Quan- 
tity, thoſe who are not well verſel in the Uſe of ſuch Propo- 
ſitions, may think it impoſlible to inveſtigate the focal Diſtance 
of any refracting Surface by it: I ſhall therefore exemplify i 
in the following Inſtance, by which the Manner of doing it in 


all others will clearly be underſtood. V. g. Let it be required [ 
to determine the focal Diſtance of diverging Rays paſſing out Were 
of Air into Glafs through a convex Surface, and let the Di- cn 
ſtance of the radiant Point be 20, and the Radius of Convex Bic: 
ity be 5: Now becauſe we muſt make Uſe of the focal Di- 
ſtance before we know it, let that be expreſſed by ſome Sym- Su 
bol or CharaQer as x: Then, becauſe by the aforeſaid Propo- 

ſition the Ratio compounded of that which the focal Diſtance 
bears to the Diſtance of the radiant Point (that is in this Suppo- Wl pt 
ſition, of x to 20); and of the Ratio which the Diſtance of tiz Wi co 
ſame radiantPoint from the Center bears to the Diſtance between Wil þ 


the Center and the Focus (in this Caſe, of 25 to x—5) 1 equal 
to the Ratio which the Sine of the Angle of Incidence bears t 
the Sine of the Angle of Refraction (that is, of 17 to 11), he 
ſhall have in the Inſtance before us, the following Proportion, is. 
4 : 20 

: : 17 * 11, and compounding them into one, 


SE. 
1 which 
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VI. When Rays proceed out of a rarer into 
> denſer Medium, through a convex Surface 
f.the denſer, if they are parallel before Re- 
faction, they become converging afterwards. 


For 


hich is done by multiplying the two firſt Parts together, we 
have 25x : 20x—10O :: 17 : 11, and multiplying the extream 
erms and middle Terms together, 340x—1700=275x, which 
quation after due Reduction gives x==*7{4®. 

In ſome Caſes which might have been put, the Quantity 65 


Rap would have been negative, and then the Quotient arifing from 
d co dirided by that, would have been ſo too; that is x the 
e. el Diſtance would have been Negative, in which Caſe the 
f that ra mutt have been taken on the contrary Side the Surface to 


that on which it was ſuppoſed to fall in ſtating the Problem; 
that is, it muſt have been taken on the ſame Side with the ra- 


f l- At Point, for in calling the Diſtance between the Center and 
. ee Freus x—5; it was ſuppoſed the Focus would fall on the ſame 
rw. NSde with the Center or on that which is oppoſite to the radiant 
Nun: Point, becauſe otherwiſe that Diſtance muſt have been expreſſed 
0P0 by +5, as any one may ſee by Inſpection of the 13th or 14th 
ance BWW Pgure, in which the Focus of diverging Rays entering a convex 
ü Surface, is ſuppoſed to fall on the ſame Side with the radiant 


Point, | 
In like Manner as this Problem was performed a general The- 


ö UD. orem may be raiſed to ſolve it in all Caſes whatſoever, by uſing 
r Characters inſtead of F igures; as every one who is not unac- 
15 quainted with algebraic Operations very well knows. 

E dee this done, and applied to the Paſſage of Rays through the 
J- Surface of Lenſes in the ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entering 4 
10 ſpherical Surface at any given Diſtance from the Vertex of it; 
converges to or diverges from after Refraction at the ſame. 


"oy from the Appendix to Molineux's Dioptrics. 
Vi . * Prop, To find the Foczs of any Parcel of Rays diverging 
7 frem, or converging to a given Point in the Axis of a ſpherical 
* Lens [Surface] and inclined thereto under the ſame Angle 
de Ratio of the Sines in Refraction being known. 
one,. „et GL (Fig. 20.) be the Lens, P any Point in its Surface, 
; . V the Pole [ Vertex] thereof, C the Center of the Sphere 
hich whereof it is a Segment, O the Object or Point in the Axis to 
O2 © of 


N 


r 


— Ak 


* * 
— 
. 
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For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity on 


the 


or from which the Rays do proceed, OP a given Ray; and 
c let the Ratio of Refraction be as to; make CR to C0 x; 
« 5 tor for the Immerſion of a Ray, or as r to s for the Emer. 
“ ſion, (that is, as the Sines of the Angles in the Medium which 
„ the Ray enters, to their correſponding Sines in the Mediun 
„out of which it comes) and laying CR from C towards 0 
„ the Point R ſhall be the ſame for all the Rays of the Point 0 
Then draw the Radius PC (if Need be) continued, and with 
the Center R and Diſtance OP ſweep a Touch of an Arch in 
« terſecting PC in Q; the Line QR being drawn ſhall be p; 
„ rallel to the refracted Ray, and PF being made paralle 
« thereto, ſhall interſect the Axis in the Point F, which is the 
Focus ſought. Or make it as C CP: : CR: CF, and C 
„ ſhall be the Diſtance of the Focus from the Center of the 
Sphere. | 

« Dem. Let fall the Perpendiculars PX on the Axis, CY on the 


« given Ray, and CZ on the refracted Ray. By the Conſtructioſ © c 
« PF and QR are parallel, whence the Triangles QRC and PF“ 
tc are ſimilar, and CR to QR, as CF to PF, that is CR to OP; p 
« CF to PF. Now CF: PF: : CZ : PX c ſimilia Tria * 
« whence CR: OP:: CZ: PX, and CR: CZ:: OP: PX. Again !! 
« CR is to CO as the Sines of Refraction by Conſtruction, tha ; 
« jg, as stOr, or r tos; and as CR to CZ, ſo (CO=) —0 40 

il 0 
« —CR to or —CZ, and ſo is PO to PX: But as PO to PB © 

* 
« ſo CO to CV. ECV = —or-—CZ, that is CY oB; 
« the Sines of RefiaQion | but CY is the Sine of the Angle 0 s e 
Incidence, and CZ of the refracted Angle. Ergo conftat H, ® 
« poſetio. 2 q a1 
__ « Hitherto we have conſidered only ob/igue Rays ; it now ron 
% mains to add ſomething concerning Rays parallel to the 4x" 
& In this Caſe the Point O mult be conſidered as infinitely d & 4 
« ſtant, and conſequently OP, OC, and CR are all infnite ' 
« and OP and OC are in this Caſe to be accounted as alwi anc 


© equal, (ſince they differ but by a Part of the Radius os 
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the other Side; and therefore, as the Rays 
xe refracted towards thoſe Perpendiculars, 
they are neceſſarily refracted towards each 
other, and thereby made to converge. | 

VII. If they enter diverging, then for the 
ame Reaſon, they are made to diverge lets, 


« Sphere ZPVL, which is no Part of either of them) where- 
« fore the Ratio of CR to OP will be always the fame, wiz. 
«as 5 to + for immerging Rays, and as » to s for thoſe that 
emerge. And by this Propoſition CF is to PF in the ſamg 
Ratio. It remains therefore to ſhew on the Baſe CP how to find 
all the Triangles CPF, wherein CF is to PF in the Ratio given 
by the Degree of Refraction. This Problem has been very 
fully conſidered by the celebrated Dr. Walls in his late 
« Treatiſe of Algebra, p. 258, to which I refer ; but I muſt here 
" repeat the Conſtruction thereof. See Fig. 21 and 22. 

« Let GPVL be a Lens, VC or PC the Radius of its Sphere, 
and let it be required to find all the Points //, ſuch, as CF 
may be to PF in the given Ratio of 5 tor for immerging Rays, 
or a8 r to 5 for the emerging. Divide CV in K, and continue 
*CV to F, that CK may 4 to VK, and CF to VF in the 
* propoſed Ratio. Then divide KF equally in the Point @, 
* and with that Center ſweep the Circle FKF ; this Circle be- 
ing drawn gives readily all the Foci of the parallel Rays OP, 
* OP. For having continued CP till it interſe& the Circle in 
„, PF ſhall be always equal to VF the Diſtance of the Focus 
* of each reſpective Parcel of Rays OP from the Vertex qr Pole 
* of the Lens. | 

* To demonſtrate this, draw the pricked Line VF, and by 
what is delivered by Dr. Wallis in the abave-cited Place, VF 
and CF will be always in the ſame propoſed Ratio. Again, 
being made equal to PF, CF and Cf will be likewiſe 
equal, as are CP, VC; and the Angles PCf;, VCF being ad 
* WYrsicem are alſo equal: Wherefore PF will be equal to VF, 
4 and conſequently CF to PF in the ſame Ratio as CF to VF ; 
i whence, and by what foregoes, the Points /, /, are the ſe- 
175 reſpective Foci of the ſeveral Parcels of Rays, OP, OP.“ 


— 


If any one would ſee how this is 


aces, he may conſult the Place. 


C 3 


to be applied in all other In- 


to 


38 The Reſraction of Light, &c. Part Ill. 


to be parallel, or to converge, according to thi 
Degree of Divergency they have before the 
enter. | 
For if they diverge very much, their being 
bent towards their reſpective Perpendiculars in 
paſſing through the Surface, may only diminiſh 
their Divergency ; whereas, if they diverge in 
a ſmall Degree it may make them parallel, or 
even to converge. What Degree of Divergenc 
or Convergency before Refraction in this and 
the following Caſes, is neceſſary to make Ray: 
become parallel, will be ſhewn at Section the 
17th of this Chapter. 
VIII. It they converge in ſuch Manner a: 
to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 
in with their reſpective Perpendiculars, and ſo 
paſs on to the Center without ſuffering any Re- 
traction, 
IX, If they converge leſs than their Perpen- 
diculars, that is, if they tend to a Point be- 
yond the Center of Convexity, they are made 
y RefraQtion to converge more; and if they 
converge more than their Perpendiculars, that 
is, if they tend towards a Point between the 
Center and the Surface, then by being refrac- 
oy towards them, they are made to converge 
" | "RG 
This and the three foregoing Propoſit:ons 
may be illuſtrated in the following Manner: 
1. Let AB, CD (Fig. 8.) be two paralle 
Rays entering a denſer Medium through . 
R 8 Londer 
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donvex Surface DB, whoſe Center of Convexi- 
ty is E; and let one of theſe, viz. AB be per- 

ndicular to the Surface. This will paſs on 
through the Center without ſuffering any Re- 
faction, but the other being oblique to the 
Surface, will be refracted towards the Perpen- 
ticular ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, converging towards 


III. 


0 the 
the 


deing 
Us in 
iniſh 
ge in 


I, or 
eney the other Ray, and meeting it in G, which 
ande Point for that Reaſon is called the Focus. 2. 
Rays Had the Ray CD diverged from the other, ſup- 
the poſe in the Line AD, it would, by being re- 
facted towards its Perpendicular ED, have 
r been made either to diverge leſs, be parallel, 
on-W cr to converge. 3. Let the Line ED be pro- 
fall duced to F, and if the Ray had converged, ſo 
dss to have deſcribed the Line FD, it would 
Re-. then have been coincident with its Perpendicu- 
ar, and have ſuffered no Refraction at all. 4. 
en- It it had proceeded from any Point between C 
be- and F, as from H, or which is the ſame Thing, 
ade I towards any Point beyond E in the Line BE 
1c produced, it would have been made to con- 
hat verge more, by being refracted towards the Per- 


pendicular DE, which converges more than it; 
ac- and had it proceeded from ſome Point, as I, on 
ge the other Side F, that is, towards any Point 

between B and E, it would then have conver- 
5 gcd more than its Perpendicular, and ſo, being 
er. refracted towards it, would have been made to 
el have converged leſs. | 


C 4 X, When 
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X. When Rays proceed out of a denſer int 
a rarer Medium, through a concave Surface o 
the denſer, the contrary happens in each Cafe, 
For being now refracted from their reſpeRine 
Perpendiculars, as they were. before toward 
them, if they are parallel before RefraQtion 
they diverge afterwards ; if they diverge, thei 
Divergency is increaſed ; if they converge j 
the Direction of their Perpendiculars, they ſuf 
fer no Refraction; if they converge leſs tha 
their reſpective Perpendiculars, they are made 
to converge {till leſs, to be parallel, or to di 
verge; if they converge more, their Conver 
gency 1s increaſed. All which may clearly be 
ſeen by the Figure, without any farther IIluſ 
tration, imagining the Rays AD, CD, &. 
bent the contrary Way in their Refractions to 
what they were in the former Caſes, _ 
XI. When Rays proceed out of a rarer into 
a denſer Medium, through a concave Surface 
of the denſer, if they are parallel before Re- 
fraction, they are made to diverge. 
For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, being 
drawn from a Point oa that Side of the Surface 
from which the Rays tend, if we conceive 
them to paſs through the Surface, they will be 
ſo many diverging Lines on the other Side, and 
therefore the Rays after they have paſſed thro 
the ſame Points, muſt neceſſarily be rendered 
diverging in being refracted towards them. 


XII. 
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XII. If they diverge before RefraQtion, then 
br the ſame Reaſon, they are made to diverge 
more. 

XIII. Unleſs they proceed directly from th 
Center, in which Caſe they fall in with their 
Perpendiculars, and ſuffer no Refraction: or 
from ſome Point between the Center of Con- 
iexity and the Surface, for then they diverge 
more than their reſpective Perpendiculars, and 
therefore being by Refraction brought towards 
them, they become leſs diverging. 

XIV. If they converge, then being refracted 
towards their Perpendiculars, they are either 
made leſs converging, parallel, or diverging, 
5 to the Degree they converged in be- 
fore Refraction. 
Io illuſtrate this, and the three foregoing 
Cafes. 1. Let AB, CD (Hg. 9.) be two pa- 
rallel Rays entering the concave and denſer Me- 
dum X, the Center of whoſe Convexity is 
E, and the Perpendicular to the refracting Sur- 
face at the Point D, is EF; the Ray AB if we 
ſuppoſe it perpendicular to the Surface at B 
will proceed on directly to G; but the oblique 
one CD being refracted towards the Perpen- 
dicular DF, will recede from the other Ray 
AG in ſome Line as DH. 2. If the Ray CD 
had proceeded from A diverging in the Direc- 
tion AD it would have been bent nearer to the 
Perpendicular, and therefore have diyer 
more. 3. But if it had diverged from the Cen- 
ter 
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ter E, it would have fallen in with the Per. 
dicular EF, and not have been refracted x 
all: and had it proceeded from I, a Point on 
the other Side the Center E, it would by being 
refracted towards the Perpendicular DF haye 
proceeded in ſome Line nearer it than it other. 
wiſe would have done, and fo would diverge 
leſs than before Refraction. 4. If it had con. 
verged in the Line LD, it would have been 
rendered leſs converging, parallel, or diverging, 
according to the Degree of Convergency, which 
it had before it entered into the refracting Sur- 
face. 
XV. If the fame Rays proceed out of a den- 
ſer into a rarer Medium through a convex Sur- 
face of the denſer, the contrary happens in 
each Suppoſition: The parallel are made to 
converge; thoſe which diverge leſs than their 
reſpective Perpendiculars, that is, thoſe which 
proceed from a Point beyond the Center, ate 
made leſs diverging, parallel, or converging, 
according to the Degree in which they diverge 
before Refraction; thoſe which diverge more 
than their reſpective Perpendiculars, that is, 
thoſe which proceed from a Point between 
the Center and the refracting Surface, are made 
to diverge ſtill more. And thoſe which con- 
verze, ate made to converge more. All which 
may eafily be ſeen by conſidering the Situation 
of the Rays AD, CD, Sc. with Reſpect to 
the Perpendicular EF; and therefore requites 
no farther Illuſtration, | 


XVI. When 
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XVI. When diverging Rays are by Refrac- 
ion made to converge, the nearer their radiant 
point is to the refracting Surface, the farther 
their Focus from it on the other Side, and 
wee vVersd. 
For the nearer the radiant Point is to the 
efrating Surface, the more the Rays which 
all upon the ſame Points of it, diverge before 
Nefraction, upon which Account they converge 
the leſs afterwards. 
XVII. When the radiant Point is at that 
Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
would by Refraction be collected, then Rays 
fowing from that Point become parallel on the 
other Side, and are ſaid to have their Focus at 
an infinite Diſtance. For the Power of Re- 
fraction in the Medium is the ſame, whether 
the Ray paſſes one Way or the other. For 
Inſtance, if the parallel Rays AB, CD (Fig. S.) 
in paſſing through the refracting Surface BD 
are brought to a Focus in G, then Rays flowing 
from G as a radiant Point will afterwards pro- 
ceed in the parallel Lines BA and DC. And 
the Point G, where the parallel Rays AB and 
CD meet after Refraction, is called the Focus 
of parallel Rays. | 
XVIII. When Rays proceed from a Point 
nearer the refracting Surface than the Focus of 
parallel Rays, they continue to diverge after 
Refraction, and their Focus is then an imagi- 
nary 
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nary one, and ſituated on the ſame Side the 
Surface with the Radiant. 

For in this Caſe, their Divergency being 
greater than that which they would have, if 
they had proceeded from the Focus of parallel 
Rays, they cannot be brought to a Paralleliſm 
with one another, much leſs be made to con- 
verge, and therefore they continue to diverge, 
though in a leſs Degree than before they paſſed 
through the refracting Surface; upon which 
Account, they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 
the refracting Surface than their Radiant, 


SNK. IF, 


Of Lenſes, and the Manner in which 
Rays are affected in paſſing through 


ehem. 


Lens, is a Medium terminated on one Side 
by a ſpherical Surface, on the other by a 
Surface either plain or ſpherical. And of theſe 
there are five Sorts, The firſt, as A, (Fig. 23.) 
is plain on one Side and convex on the other; 
the ſecond, B, convex on both Sides; the third, 
plain on one Side and concave on the other, as 
C; the fourth, D, concave on both Sides ; the 
fifth, convex on one Side and concave on the 
other, as E, which is by ſome called a Me- 
esc. | 
4 The 
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The Axis of a Lens is a Line paſſing per- 

xendicularly through both its Surfaces : Thus; 

he Line FG is an Axis common to all the five. 

Lenſes are diſtinguiſhed into two general 
Kinds, convex and concave ; the firſt and ſe- 
cond Lenſes are conſidered, as convex; the 
third and fourth, as concave: the laſt, if its 
Convexity is greater than its Concavity, is look- 
ed upon, as convex ; if on the contrary, it is 
conſidered as concave. 

A Lens is always ſuppoſed to conſiſt of a 
Medium denſer than the circumambient one, 
unleſs where the contrary is expreſſed. 

When parallel Rays fall upon the Surface 
of a convex Lens, they are refracted towards 
each other in paſſing through it, and thereby 
collected to a Focus on the other Side. 

To explain this, let us trace the Progreſs of 
1 Ray as AB (Fig. 24.) through the convex 
Lens CDEH, whoſe Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
that of the other CHE; and let the Ray AB 
be parallel to the Axis; through B draw the 
Line LN which will be perpendicular to the 
Surface CDE at that Point. The Ray AB in 
entering the denſer Subſtance of the Lens will 
be refracted towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 
face at B in ſome Direction inclined towards 
the Axis, as BP. Through M the Center of 
Convexity of this Surface and the Point P draw 

the 
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the Line MR, which paſſing through the Cen- 
ter will be perpendicular to the Surface at P, 1 
and the Ray now entering a rarer Medium will 
be refracted from the Perpendicular into ſome 8 
Direction as PP. In like manner, and for the 
ſame Reaſons, the parallel Ray 8 T on the 
other Side the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the ſame 
Surface of the Lens at too great a Diſtance from 
the Axis IF, the Reaſon of which has already 
been fully explained“. 

The Point F where the parallel Rays AB, 
SF, '&c. are ſuppoſed to be collected by paſ- 
ſing through the Lens CE, is called the Focus | 
of parallel Rays of that Lens. | | 

If the Rays converge before they enter the 

ens, they are then collected at a Point nearer 
to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens, they 
are then collected in a Point beyond F; unleſs 
they proceed from a Point on the other Side at 
the fame Diſtance with the Focus of parallel 
Rays, in which Caſe they are rendered parallel; 


If they proceed from a Point nearer than that, ( 
they diverge afterwards, but in a leſs Degree c 
than before they enter the Lens. 0 
If the Lens is plain on one Side and convex I « 
on the other, the Rays are refracted the ſame c 
Way, but in a leſs Degree. V 
t 


* See Ob/ervation 3, in the foregoing Note. 
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If the Rays AB, ST, be ſuppoſed to pro- 
ed from a radiant Point on one Side of the 
Lens, and be refracted into a Focus, as at F, 
on the other; then Rays proceeding from that 
ſocal Point, F, as from a Radiant, and ſuppoſed 
to pas through the Lens the contrary Way, 
will be collected in that Point which was the 
Radiant in the other Caſe : and the nearer the 
Radiant Point is to the Lens, the farther is the 
cus from it on the other Side, and vice versd. 

If the Rays AB, CD, EF, Sc. (Fg. 25.) 
be parallel to each other, but oblique to GH the 
Axis of the Lens IK, or if the diverging Rays 
CB, CF, proceed as from ſome Point C which 
is not ſituated in the Axis of the Lens, they 
will be collected into ſome Point as L, not 
directly oppoſite to the Radiant C, but nearly 
o: for the Ray CD which paſſes through M 
the Middle of the Lens and falls upon — Sur- 
face of it with ſome Obliquity, will itſelf ſuf- 
fer a Refraction at D and N; but then it will 
be refracted the contrary Way in one Place to 
what it is in the other, and theſe Refractions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eaſily per- 
ceive if we imagine ND. to be a Ray paſſing 
out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 
which Account the Difference between the Si- 
tuation of the Point L and one directly oppo- 

ſite 
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ſite to C, is ſo ſmall, chat it is generally neg- 
lected; and the Focus is ſuppoſed to be in that 
Line, which a Ray, that would paſs through 


the middle Point of the Lens, were it to ſuffer 


no Refraction, would proceed in. 


All which is ſufficiently clear, from what 
has been ſaid concerning the Laws of Refrac- | 


tion explained in the foregoing Chapter: 
When parallel Rays fall upon a concave 


Lens, they are refracted from each other in 
paſling through it, and thereby made to di- 


verge, proceeding as from an imaginary Focus on 


the firſt Side of the Lens. 


In order to comprehend: this, let ABCD 
(Fig. 26.) repreſent a eoticave Lens, EO its | 


Axis, GH the Radius of the firſt Concavity, IK 


that of the ſecond; produce HG to L, and let 
MG be a Ray of Light entering the Lens at the 
Point G. This Ray being refracted towards 
the Perpendicular GL, will paſs on to ſome 
Point as K in the other Surface more diſtant Þ 
from the Axis than G, and being there tefrac- 3 
ted from the Perpendicular IK, will be diverted } 


farther ſtill from the Axis, and proceed in the 
Direction KN as from ſome Point, O, on the 
firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro- 
ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 
will be the imaginary Focus of parallel Rays of 
this Lens, x | 
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If the Rays diverge before: they enter the 
Lens, their imaginary Focus is then nearer the 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens proceed- 
ing towards ſome diſtant Point in the Axis as 
E, they are then rendered leſs converging : if 
they converge to a Point at the fame Diſtance 
from the Lens with the Focus of parallel Rays, 
they then go out parallel; if to a Point at a 
leſs Diſtance they remain converging, but in a 
leſs Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the nearer 
alſo is their imaginary Focus after Refraction, 
and vice verſdd. 

If the Lens is plain on one Side and concave 
on the other, the Rays ſuffer a like Refraction 
in each Caſe, but in a leſs Degree. 

The Truth of what has been ſaid concerning 
the Paſſage of Rays through a concave Lens, 
is eaſily to be deduced from the Laws of Re- 
fraction delivered in the foregoing Chapter. 

But the Method of determining the exact 
focal Diſtances of Lenſes is to be had from the 
Propoſitions laid down and demonſtrated in the 
Note in the foregoing Chapter. Thus, the 
Progreſs of the Rays after their Re os at 
the "rſt Surface where they enter a Lens, is 
had by one of thoſe which determines the fo- 
cal Diſtance of Rays entering a denſer Medium 
of ſuch Form: And their Progreſs after their 
D Re- 
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Refraction at the other Surface where they go 

out, is had by computing what Progreſs Rays, WY * 
moving in the Direction they are found to have 

after their Entrance at the firſt Surface, will 
acquire by being refracted at the other; which 
is to be effected by one which determines the 


focal Diſtance of Rays paſſing out of a denſer 
Medium of like Form with that of the Lens“. 


When 


* Or a general Theorem may be made after the following 
Manner, to determine the Progreſs of Rays after Refraction at 
both Sides of the Lens, whatever be the Matter of it, or the 
Form wherein it is made. 

Thus ſuppoſe GH (Fig. 28.) to be a PP Lens, and E a Point 
in its Axis from whence the diverging Rays EL, Sc. fall upon 
the Lens, AL, the Radius of the firſt Convexity, and CK that of 
the ſecond; let LKF be the Direction of the diverging Ray EL 
after its Refraction at the firſt Surface, and KF its Doedion after 
Refraction at both. Then will F be the Focus of the Rays after 
their firſt Refraction, and F the Point they will meet in after both, 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refraction be expreſſed by the Ratio of Ito R. Call EB, 43 
BD, :; AB, ; CD, 5; Bf, x; DF, y: Now, to find / their 
Focus after Refraction at L where they enter the firſt Surface of 
the Lens, comes under the third Propoſition in the forementioned 
Note: According to which the Ratio compounded of x, the focal 
Diftance fought, to d, the Diſtance of the radiant Point ; and of 
dr, the Diſtance between the ſame Point and the Center, to 
Kr, the Diſtance between the Center and the Focus, is as I to R; 
compounding theſe two Ratio: therefore (that is multiplying them 
together) we have dx+rx : dx—dr :: I: R; which Proportion 
beg converted into an Equation, and duly reduced, gives æ 

ar | , 


ERNI RN 
Thus having found the Diſtance BY, and conſequently the Point 


J to vl ich the Rays converge from L, we muſt proceed to find F, 


that to which they will converge after having paſſed * 
Where 


4" 
I - 
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When a Ray paſſes through a Medium ter- 


minated by two plain and parallel Surfaces, it 

18 
where they ſuffer a ſecond Refraction: This comes under the 
ame Propofition ; but, if we would uſe the ſame Letters as be- 
fore, to expreſs the Proportion which the Sine of the Angle of 
Incidence bears to that of the Angle of Refraction, they müſt 
be put one for the other; becaule, when Rays paſs oat of a 
genſer into a rarer Medium, the Sine of the Angle of Inci- 
dence bears the ſame Proportion to the Sine of the Angle 
of Refraction, that the Sine of the Angle of Refraction 
does to the Sine of the Angle of Incidence, when they pats 
out of a rarer into a denſer. This being obſerved, by the 
zforeſaid Propoſition, we ſhall have the Ratio compounded of y, 


the focal Diſtance, to ,, the imaginary Focus of tht 
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ident Rays; and of LA A —t +5, the Diſtance between 


tle imaginary Focus and the Center, to yu the Diſtance between 
the Center and the Focus, as R to I. Which Equation, of Ih reduce 


Ia 
the mixed Quantities Ting N , and L 
+;, into improper Fractions, will ſtand thus: 
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is refracted one Way in going out of the ſecond, 

as much as it was the other in entering the firſt; 

and therefore proceeds afterwards not in the ſame | 
Direction, but in one that is parallel to that which 
it had before. Thus if the Ray AB (Fig. 27.) Þ 
enters the denſer Medium CDEF terminated by 
the parallel Surfaces CD and EF, it is refracted 
at B towards the Perpendicular BI, proceeding Wt 
to a Point as G, where it is as much refracted MY * 


. 4 10 
from the Perpendicular GK in going out, and 8 
proceeds in the Direction GH, not the ſame, 5 
but parallel to the former ABL. 

This Theorem may be applied to all Caſes whatever, even to = 
Plain Surfaces mutatis mutandis; v. g. the Radius of a concave Cd 
Surface being negative (as lying the contrary Way) with Reſpect 7 
to that of a convex, and the Radius of a plain Surface __ an 
infinite Line; if we would apply this Theorem to a concave Sur- ae 


face, we muſt change all the Sines of thoſe Members wherein 1 
the Symbol expreſſing the Radius of that Surface occurs; and, 
if to a plain Surface, all the Members wlich involve the Ra- 
dius muſt be confidered as infinite Quantities ; that is, all, ex- ey 
cept them, muſt be ſtruck out of the Equation as nothing. So, W E. 
likewiſe, if we would have it extend to other Rays beſides WI 
diverging ones, the Point where converging Rays would meet 
lying on the contrary Side to that from whence the diverging Wl hg 
ones were ſuppoſed to flow, its Diſtance muſt be made nega- th 
tive; and, the Diſtance where parallel Rays meet being infinite, 
it is only changing the Sines of all thoſe Members in which 4% 
is found, if the Rays are ſuppoſed converging, or making thoſe 
Members infinite, in Caſe the Rays are ſuppoſed parallel; 
which is done by ſtriking out all the reſt, as bearing no Pro- 
Portion to them. | 
See the Method of reducing this Equation to fewer Terms, | 
where it is alſo illuſtrated with divers Inſtances, in Dr. Brown's B 
Appendix to Gregory's Optics, of in Dr. Halley's Method of find- W 
ing the principal Focus of Optic Glaſſes univerſally, Philoſoph. 
Tranſact. Ne 205. 4 
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C H A P. V. 
Of the Eye. 


HE Form of the Eye is ſuch as is repre- 
ſented in Figure 29, and would be a 
perfect Sphere, were not the fore Part AA 
lmewhat more protuberant than the reſt. 
The Deſcription of it, fo far as is neceſſary 
' BY (© explain the Nature of Viſion, is as follows: 
It is incloſed in three diftinct Coats or Tegu- 
ments; the outermoſt of which, viz. aa, is 
called Tunica Sclerotica; the next, cc, Cho- 
raieds, or Uvea; the third and innermoſt, d d, 
derives its Name from that of its Diſcoverer, and 
i; called Tunica Ruyſchiana. 
Theſe Coats are contiguous to each other 


erery where, except on the fore Part of the 
„ve: | 2 
4 Ye. 


1 — — ES puns oy, — 2 ho# CW We 


: | That Portion of the Sclerctica which lies 
between A and A is more protuberant than 
„che reſt, is tranſparent, and has the Name of 
1 Tunica Cornea. 


That Portion of the Choroides which is ſitua- 
ted between 6 and & is called the Iris, and is 


black, grey, Sc. In the Middle of this there 
; a round Hole as pp, called the Pupil. 

The Tris conſiſts of two Kinds of muſcular 
Fibres; the firſt lie extended from its Extre- 
D 3 mity 


that which by its Colour denominates an Eye 
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mity like the Radii of a Circle, and point to- i 
wards the Middle of the Pupil as towards af T 


Center: the other are circular ones and ſur. 4 
round the Pupil, having the Middle of it for H 
their common Center. Theſe are connected MII “ 


to the former where they croſs them: and 
therefore when theſe contract, the Pupil is di- *< 
miniſhed ; when the other, it is inlarged. 2 N 
Within the Cavity of the Eye, and not far 7 
behind the Pupil, there is a ſoft tranſparent 
Subſtance CC, not unlike a double convex II 
Lens, one of whoſe Surfaces as 8, is more con- Ml * 
vex than the other. This is called the CH- 
ſtalline Humour, and is ſuſpended within the 
Eye by certain Ligaments, as Ci, Ci, called 
Ligamenta Ciliaria, or Proceſſus Ciliares: 
theſe are convex towards the Pupil, as expreſſed 
in the Figure, and concave on the other Side, 
and are muſcular, and therefore capable of 
Contraction and Dilatation. The convex Sides 
of theſe Ligaments are lined with a very black 
Subſtance, as 1s alſo that Side of the Iris which 
is next them. b 
The unica Ruyſcbiana leaves the Choroides | 
at J, and, paſſing behind the Ligamenia Ciliaria iF 
and the Cryſtalline Humour, is contiguous to if 
them, and joins the Choroides again at /, on the 
other Side the Pupil. 1 
By means of the forementioned Parts, the 
Cavity of the Eye is divided into two Portions; 
the one of which V V is filled with a Fluid 
nearly of the ſame. Denſity with Water, and 
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is therefore called Humor Agueus; the other 
TT contains a Fluid whole Conſiſtency is 
greater than that of the former, and is called 
Humor Vitreus: And both theſe Humours ace 
rarer than the Subſtance of the Cryſtalline. 

At the back Part of each Eye, but not di- 
rectly oppoſite to the Pupil, there enters a 
Nerve as NN, which is called the Optic 
Nerve. | | 
The Fibres of this Nerve, after their En- 


over the innermoſt Coat of it as far as the Liga- 
menta Ciliaria, and form a very thin Mem- 
brane, called Tunica Retina. 

The innermoſt Coat of the Eye is every 
where covered (except that Part of it which 
is contiguous to the back Part of the Cryſtal- 
line Humour) with a very black Subſtance, 
not unlike that with which the back Part of 
the Iris and fore Part of the Ligamenta Ciliaria 
were obſerved to be covered. This is to hinder 
any Light from being reflected from thoſe Parts 
to the Retina; for that would render the Ima- 
ges of Objects indiſtinct; as we ſhall ſee when 
we have explained the Nature of Viſion, which 
is the Subject of the next Chapter. 
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"C0 HaA:P. VI. 
Of Sy Nature of Viſion. 


ch! 18 the Subſtance and Form of the Hu- 
10 mours of the Eye, when lodged in their 
proper Receptacles, that Rays of Light in paſ- 
ſing through them are affected in the like Man- 


ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately: and therefore, to under- 


ſtand the Nature of Viſion, which depends on | 
the Paſſage of Rays flowing from the ſeveral | 


Points of a diſtant Object through thoſe Hu- 
mours, little more 15 required than to know 
how the ſame Rays would be affected, were 
they ſuppoſed to paſs through a convex Lens: 


Which may eafily be done by applying to this N 


Caſe what has been delivered in the fourth 
Chapter concerning the Manner in which 


Rays flowing from a fingle Point are affected 


in paſſing through Lenſes of that Kind. 

Wie have already ſeen, in the abovemention- 
ed Chapter, that Rays flowing from a jingle 
radiant Point,” and afterwards falling on a con- 
vex Lens, are collected to a Focus in ſome 
Point oppoſite, or nearly ſo, to the radiant. 
Let us now ſuppoſe an Object placed before 
Lens, but farther from it than the focal Di- 
ſtance of its parallel Rays ; and let it ſend forth 
6 KY 1 Rays 
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Rays from each Point of its Surface in every 
Direction, as from ſo many radiant Points. 
Some of the Rays which flow from each Point 
of that Surface of the Object which is turned 
towards the Lens will neceſſarily fall upon it, 
and, paſſing through it, will be collected in fo 
many diſtin& focal Points on the oppoſite Side, 
as there are diſtin radiant Points in the Surface 
of the Object from whence they came. Now, 
as the radiant; Points are contiguous to each 
other in the Surface of the Object on one Side 
of the Lens, the focal Points: will alſo be con- 
tiguous on the other; and as each focal Point 
is oppoſite to its reſpective radiant, their Places 
will have the ſame Relation to each other, that 
thoſe of the radiant have; and, conſequently 
theſe Points, taken together, will be a true Re- 
preſentation and perfect Image of that Object; 
for each Point will exhibit the ſame Colour 
that its correſpondent Point in the Object is of: 
But, becauſe each Point in the Repreſentation is 
oppoſite to its reſpective one in the Object, 
the Image will be inverted. The Truth of a 
this may eaſily be experienced, if we hold a ; 
clean white Paper facing the Lens in the Place 

where the focal Points are, and take Care to 
prevent all other Light from falling upon the 
Paper, except that which paſſes through the 


Lens *. 


To 


* On this depends the Structure of the Ohfura Camera, | 
which is a Contrivance to exhibit the Repreſentation of ſuch | 
| Object; 
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Io illuſtrate this, let P QR (Fig. 30.) re- 
preſent an Object placed before the Lens AB, 
and ſending forth Rays from each Point in its 
Surface; and let g be the focal Diſtance of 
Rays proceeding from Q and paſſing through 
the faid Lens. Then will all the Rays that 
proceed from the Point Q, between the Lines 
QA and QB, be collected ing; in like Man- 
ner all that flow from P, between the Lines 
PA and PB, will meet in the oppoſite Point 
5; and ſo many as proceed from R, and paſs 
through the Lens, will be collected in 7; and 
all the Rays that flow from the remaining 
Points between P and R and fall upon the 
Lens, will be collected in as many Points be- 
tween p and 7; and, if the Rays are received 
there upon a white Surface, there will be 
exhibited an Image of the Object PR, but 
inverted; becauſe the Rays PLp and RLr 


Objects as may be ſeen from a Window upon ſome plain white 
Surface held before the Window within the Room. In order 
to do this, a common Spectacle Glaſs or Burning Glaſs (both 
which are convex Len/es) muſt be fixed in an Hole in the Win- 
dowſhutter ; for then, if no Light be ſuffered to enter into the 
Roam, but what paſſes through the Hole, and a Sheet of white 
Paper be held oppoſite to the Hole at that Diſtance where the 
Rays proceeding from the Objects abroad, and W 
the Glaſs, are collected into their reſpective Foci, we ſhall have 
the Images of all the Objects which lie before the Hole repre- 
ſented upon the Paper, inverted; but in a much more lively 
and exact Manner than can be done by the Pencil; and not 
only the Objects and their reſpective Situations, but, what rs 
peculiar to this Sort of Painting, their Motions will alſo be ex- 
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croſs each other at L in paſſing through the 


Lens K*. | 
— Thoſe Rays which flow from the ſame 
Point of an Object, when conſidered together, 
are called a Cone or Pencil of Rays. Thus the 
Rays QA, QL, Sc. conſtitute a Pencil flow- 
ing from the Point Q; ſo the Rays PA, PL, 
Sc. a Pencil from the Point P; and the mid- 
dle Ray of each Pencil, as PL, QL, &c. is 
called the Axis of that Pencil, to which it be- 
longs. 

N ow in like Manner as the ſeveral Pencils 
of Rays flowing from the diſtinct Points in the 
Surface of an Object placed before a Lens, are 
collected in ſo many Points at a certain Diſ- 
tance on the other Side of the Lens, and form 
an Image there when received upon a white 
Paper; ſo Pencils proceeding from an Object 
placed before the Eye at a proper Diſtance 
from it, and being refracted in paſſing through 
the Humours of it, are collected into their 
reſpective Foc: upon the Retina, where they 
form a Repreſentation of that Object; and by 
their Impulſes upon the tender Nerves of the 
Retina, an Idea of the Object is excited in the 
Mind. | 


* A burning Glaſs is no other than a Piece of Glaſs 2 
into the Form of a convex Lens; for if the Rays of the Sun are 
permitted to paſs through ſuch an one, they will burn very 
ſtrongly in the Place where they are collected into their reſpec- 
tive Foci; upon which Account it is, that the Point where Rays 
in general are collected, is called their Focus, that is, their Plac 

of Burning. | 


The 
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The Progreſs of the Rays through the Hu- 


mours of the Eye, are expreſſed in the 31ſt 
Figure: where FG# is the Eye, FG the Ju- 
nica Cornea, pp the Pupil, A A the aqueous 
Humour, HH the chryſtalline, and VV the vi- 
treous. And RS repreſents an Object placed 
before it, emitting Pencils of Rays from its ſe- 
veral Points R, 8, T, Sc. The Rays which 
conſtitute the Pencil GT, in entering the aque- 
ous Humour, paſs out of a rarer into a denſer 
Medium through a convex Surface, in which 
Cafe diverging Rays are made to diverge leſs, to 
become parallel or to converge (Chap. 3. Prop. 
7.);.in entering the chryſtalline they do the like; 
and in paſſing out of that, they proceed out of 
a denſer into a rarer Medium, through a con- 
vex Surface of the denſer, which alſo has the 
ſame Effect (Chap. 3. Prop. 15.). By which 
Means they are made to converge, as deſcribed 
in the Figure, and to meet together in a Focus 
at T, a Point in the Retina. In like Manner 
the Rays flowing from R, and conſtituting the 
Pencil GRF, will proceed as deſcribed in the 
Figure, and after Refraction meet in 7; and 
the Rays proceeding from 8 will be collected 
ins, &c. by which Means an Image of the Ob- 
ject will be formed in ts upon the Retina, but 
becauſe the Pencils croſs each other in paſſing 
through the Pupil, it will be inverted“. 1 

| IC 


Of this we have experimental Proof: For if we cut away the 
back Part of an Eye, and apply a Paper there, we ſhall ſee the 
| Images 
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The Jeſs the Diſtance between the Object and 
the Eye is, the more the Rays which come 
from the Object, are ſaid to diverge, and e con- 
tra: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe. Rays, 
but that, when the Eye is placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 
it can receive when placed farther off. The 
following Illuſtration will make this clear: Let 
AB (Fig. 32.) repreſent an Object emitting 
Rays from each Point of its Surface, and let 
Cd, Cr, Tc. expreſs thoſe which flow from 
the Point C: let n be a Pupil of an Eye placed 
at the Diſtance C from it; tis plain this Pu- 
pil will receive into it the diverging Rays Cx, 
Cs; whereas the Rays Co, Ct will diverge 
the moſt of any that can enter the ſame Pupil, 
when placed at the Diſtance Cy; but theſe 
diverge leſs than the former, the Angle O 
being included in the Angle Cs. 


Images of external Objects placed thereon, as accurately as in 
the Olſcura Camera,” provided no Light is permitted to fall upon 

the Paper, except that which paſſes through the Ilumours of 
the Eye. 

Opric Writers have made it Matter of great Dificulty to * 
termine the Point where the Axis of the Pencils which enter the 
Eye, croſs each other; ſome placing it in the Center of the Eye, 
others in the Vertex of the chryſtalline Humour, others in that 
of the Tunica Cornea: But as the Rays of each Pencil £1! the 
Pupil, or as the Pupil itſelf is a common Baſe to each Pencil, it 
is inconceivable how the Axis of thoſe Pencils ſhould croſs each 
other in any other Place than the Center of the Pupil. See 
Firure 31, or any other where ſeveral Pencils are repreſeuted , 
as paſling through the Pupil of an Eye. 

Viſion 
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Viſion is diſtinguiſhed into bright and obſcure; 
diſtinct and confuſed. 

It is ſaid to be bright, when a ſufficient Num- 
ber of Rays enter the Pupil at the ſame Time; 
obſcure, when too few. It is diſtinct, when 
each Pencil of Rays is collected into a Focus ex- 
atly upon the Retina; confuſed, when they 
meet before they come at it, or when they 
would paſs it before they meet; for in either 
of theſe laſt Caſes, the Rays flowing from dif- | \ 
ferent Points of the Object, will fall upon the & 
ſame Part of the Retina, which muſt neceſſa- 
rily render the Image confuſed and indiſtinct. 

Now that Objects may appear with a due 
Brightneſs, whether more or fewer Rays pro- 
ceed from them, we have a Power of contrac- 
ting, or dilating the Pupil by means of the muſ- 
cular Fibres of the Iris (as explained in the 
foregoing Chapter), in order to take in more 
or fewer Rays as Occaſton requires. But this 
Power has its Limits“. | . 

And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear diſtincdt, whether they be 
nearer or farther off, that is, whether the Rays 
roceeding from them diverge more or leſs, we 
($i a Power of contracting or relaxing the 
Ligamenta Ciliaria, and thereby altering the 


In ſome Animals, this Power is much greater than in others; 
2 in ſuch as are obliged to make Uſe of their Eyes by 

ight, as well as by Day, as in Cats, Se. | = 
Form 
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WM form of the chryſtalline Humour, and with 
hat the focal Diſtance of the Rays. Thus, 
chen the Object we view is far off, and the 
BJ Rays fall upon the Pupil with a very ſmall De- 
see of Divergency, we contract the Ligamen- 
i Ciliaria, which being concave towards the 
itreous Humour, do thereby compreſs it more 
than otherwiſe they would do; by this Means 
I it is made to preſs harder upon the back Side 
ef the chryſtalline Humour, which is thereby 
endered flatter; and fo the Rays proceed far- 
her before they meet in a Focus than other- 
1] viſe they would have done. Add to this, that 
e dilate the Pupils of our Eyes (unleſs in 
FJ Caſes where the Light is fo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thoſe which would 
otherwiſe enter. And when the Rays come 
from an Object that is very near, and therefore 
©] diverge too much to be collected into their re- 
pective Foci upon the Retina, by relaxing the 
Iigamenta Ciliaria we give the Chryſtalline a 
more convex Form, by which means the Rays 
ere made to ſuffer a proportionably greater De- 
gree of Refraction in paſſing through it *. 


ou _ eo —ᷣ—́ — 
— 33 
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I * Some Philoſophers ate of Opinion, that we do this by a 
FJ Power of altering the Form of the Eye; and others, by remov- 

ng the Chryſtalline forwards or backwards as Occaſion requires; 
but neither of theſe Opinions is probable , for the Coats of the 
4 Eye are too hard, eſpecially in ſome Animals, for the firſt; and 
as to moving the Chryſtalline out df its Place, the Cavities of 
che Eye ſeem to be too well filled with the other Humours to 
admit of ſuch Removal, | 


* And 
8 , | 
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And beſides this, by contracting the Pupils of 
our Eyes, we exclude the more diverging 
Rays, and admit only ſuch as are more eaſily 
refracted into their reſpective Foci x. But 
Viſion is not diſtinct at all Diſtances, for our 
Power of contracting and relaxing the Liga- 
menta Ciliaria 1s alſo circumſcribed within cer- 
tain Limits, | 
The nearer an Object is placed to the Eye, 
the greater is the Image of it upon the Retina. 


Becauſe the Pencils flowing from the extreme 


Parts of the Object when near, make æ larger 


Angle with each other in the Pupil where they | 


croſs, than the ſame Pencils do when the Ob- 
ject is placed farther off. Thus AB (Fig. 33.) 
the Image of the Object CD, far exceeds EF 


that of the ſame Object GH, placed at a greater 
Diſtance from the Eye, as is evident from In- 


ſpection of the Figure. 
In thoſe Eyes where the Tunica Cornea is 


very protuberant and convex, the Rays of 


Light ſuffer a very conſiderable Refraction at 
their Entrance into the aqueous Humour, and 
are therefore collected to a Focus before they 


fall upon the Retina, unleſs the Object be pla- 4 


ced very near, ſo that the Rays which enter 


the Eye, may have a conſiderable Degree of 


Divergency. People that have ſuch Eyes, are 


* Accordingly it is obſervable, that if we make a ſmall Hole 
with the Point of a Needle through a Piece of Paper, and apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, inſtead 


of a Pupil, we {hall be able to {ce an Object diſtinctly through E | 


it, though che Object be placed within half an Inch of the 210 
c al 
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aid to be purblind. Now the nearer an Ob- 
ect is placed to the Eye, the greater is the 


Image of it therein, as explained above; theſe 
People therefore can fee much ſmaller Objects 


chan others, as ſeeing much nearer ones with 


the ſame Diſtinctneſs. And their Sight con- 


7 tinues good longer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
chcy grow old, becomes plainer, for Want of 
that Redundancy of Humours with which they 
=1 were filled before. | 


On the contrary, old Men having the Cor- 


va of their Eyes too flat for want of a ſuffici- 
ent Quantity of the aqueous Humour to fill 
them out, if the Rays diverge too much before 
FJ they enter the Eye, they cannot be brought 
o a Focus before they reach the Retina; on 
£1 which Account thoſe People cannot ſee di- 
ſtinctly, unleſs the Object be ſituated at a 


greater Diſtance from th Eye, than is required 


bor thoſe whoſe Eyes are of a due Form. 


Since the Images of the Objects we look at 


ere inverted in the Eye, it may be thought the 
Objects themſelves ought to appear ſo; but it 
©] muſt be conſidered, that there is no natural 
(Connection between the Idea in our Mind, and 
he Image upon the Retina ; we find by Ex- 
| perience, that when ſuch an Idea is excited in 


our Mind, ſuch an Object ſtands before us in 
luch a Poſition and of ſuch a Form; whenever 
therefore the like Idea is excited again, we 
| E C0. 
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conclude there is a like Cauſe of it. For it is 
found by Obſervation, that People who have? 
been born blind, and have afterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular Si- 
tuation or Form of Bodies; but have been ob- 
liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies correſpond 
to ſuch and ſuch Senſations in the Mind *. 
In like Manner it is from Experience that 
an Object appears tingle, though there be an 
Image of it in each Eye: for after we find, 
that its Place, according to the Repreſentation „ 
of it in each Eye, is the fame, we neceſfarilyf® 
conceive it to be but one. The Manner ho 
we come to find this, ſeems to be as follows 
There is one Part of the Retina upon which? 
when the Image falls, the Object appears 
brighter and more diſtin, than when it fall 
upon any other, as 1s evident, becauſe we al 
ways ſee one Part of an Object with greater 


Diſtinctneſs than any of the reſt. This Point 
I ſhall hereafter call the Point of diſtin Vi *þ 
ion. This naturally leads us to turn our Eye 
ſo, that the Object may be ſituated direct ; 


oppoſite to this Point. And this Action ol 2 
ours is that which has given Riſe to thoſe ima 
ginary Lines, which are ſuppoſed to pals di * 


* See Mr. Ch-/+/den's Obſervations on a young Gentlemangi® 
couched by him at the Age of 13 Years. , Philoſoph. Tranſat [ 
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ectly through the Eye and to terminate in the 
object we view, and are commonly called the 
ic Axes. We therefore turn our Eyes ſo that 
me Object may appear in thoſe Lines. There- 
pore, ſince theſe Lines concur at the Object, when 
ve endeavour to view it with Diſtinctneſs, each 
Eye affords us an Idea of the Object in the fame 
= Place, from whence it neceſſarily appears but 
one ®, 


1 
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When- 


Ihere are other Methods of accounting for theſe two laſt 
1 Peromena, ſome of which, perhaps, the Reader may think 
A nore plauſible; for the Connection between the Image on the 
ena and the Idea in the Mind being purely metaphy/ical, we 
Ian never hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thoſe Rays which paint 
tte uppermoſt Part of the Image in the Eye to proceed from the 
owermoſt Part of the Object, becauſe they ſtrike upon the Re- 
h, as coming from that Part; and that we conclude from hence 
that the Object is erect, though the Image be inverted ; as if the 

Direction, wherewith the Rays ftrike the Retina, informed the 
ind which Way they came. This Solution ſerves alſo to expli- 
J cate the Phenomenon of ſeeing but one Object with both Eyes; 
br as the Mind is informed, by the Direction with which the 
days ſtrike the Retina, of the Place from whence they come; 
tterefore when it appears that they enter each Eye as from the 
ame Place, the Object neceſſarily ſeems to be but one; becauſe 


+ <2 
— 3 


( ee can't ſuppoſe two to exiſt in the ſame Place at the ſame Time. 
1 Some have been ſo abſurd as to embrace an Opinion, the firſt 
chor of which was Gaſſendus, that we ſee one and the ſame 


© a 


boint of an Object only with one Eye at a Time, (otiante alto, 
nag] they expreſs it) while the other docs nothing. Vid. Gaſenai 


di I tpiſtol, de Magnitud. Solis; or Tacguet. Optic. Lib. I. Prop. 2. 

I Some imagining that the Opzic Nerves conſiſt of a Bundle of 
mall ones wrapped up in one common Tegument, are of Opi- 

* won, that ſuch as lie upon the Retina at equal Diſtances from 


he Point of diſtin Viſion, and on the ſame Side of it in each 
4 He, are connected together in one, before they terminate in the 
al (3 brain; and ſo, whether one or both are affected, only one 5 
6 . 2 | 3 


D 
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Whenever the Eyes are ſo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Retina in each Eye is affected by the Rays 
that flow from it, which is wont to be af- 
fected when two Objects are placed before 
the Eyes, the Mind, receiving no Information 
from without, but by the Impulſes of the 


Rays upon the Retina, judges that there are 


two Objects. Thus, let A, B (Fig. 34.) repre- 


ſent two Eyes whoſe optic Axes are directed to 
the Point C, and let E be an Object on one 
Side the Point C; and F an Object on the other. 

Now, Objects thus ſituated muſt appear ſepa- 
rate: otherwiſe, every Time we viewed an Ob- 
ject we muſt imagine all the different Points WY 
in its Surface to be but one, which is con 


trary to Experience. In this Caſe, the Point 


d in each Eye will be affected by the Rays 1 | 
which flow from thoſe Objects; but fo it 


will, if a ſingle Object be placed at D; and 


therefore, for the Reaſon given above, an Ob- 3 
ject in that Situation ſhall appear as the two WW 
ſeparate ones E and F, that is, double. A 


is excited in the Mind. Cravęſand confirms this Opinion, by aſ- 


ſerting that, in all Animals which look at the ſame Object with 


both Eyes, the optic Nerves concur, before they enter the Brain; 
and that, in ſuch as look at one Object with one Eye, and at 


a different one with the other, they are ſeparate all the Way. 
Others, with Briggius (ſee his Opthalmeg. Chap. 11.) do not 


contend, that the forementioned correſponding Parts of the optic WW 
Nerves are connected before they terminate in the Brain; but W 
that they are of an equal Tenſion, and therefore excite the ſame 


Senſation in the Mind, 


by 
. * > ö 
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gain, let there be an Object placed without the 
optic Axes, as at G, Rays flowing from this will 


affect the ſame Part in each Eye, as if there 
were two diſtinct Objects, vi. one at E, and 


W the other at H; this therefore will alſo ap- 


pear double. Farther, as the Objects D and 


6 are ſituated in this Figure, if both are at- 
W tended to at the fame Time (the op/rc Axes 
being ſtill directed to the ſame Point C) they 
will appear as three, being ſituated oppoſite 
t the three Points F, E, and H. And what has 
been ſaid of the Appearance of the Objects 
© and G, as they are ſituated in this Figure, 
may be applied to their Appearance as they 
are placed in the next, where they are repre- 


ſented as being beyond the Line HF. So that 


= wherever an Object is placed, provided it be 
gnearer to the Eyes than the Point where the 
WI 1c Axes concur, or farther from them, it ap- 
= pears double. 


There is one Part of the Retina of each Eye, 
upon which when the Image falls, the Object 


cannot be ſeen at all with that Eye; the Proof 


of this we have from the following Experiment. 
Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 
thereabouts, and at the Diſtance of about a 
Foot or two from each other, and go back from 
the Wall about three Times that Diſtance; then 


LE ſhutting the left Eye, look at the left Object 
with the right one, and while the right Eye is 
in that Poſition, the right Object will not be 


= 4 ſeen. 
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ſeen. So, if in that Station we look at the right 3 
Object with only the left Eye, the left Objet | 


will diſappear. The Reaſon of this is ſuppoſed 


to be, that the Image of that Obje& which 1 
diſappears falls upon the Blood-veſlels of the 
optic Nerve, from which no Senſation is con- 


veyed to the Brain. 


The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
ject, and croſs in the Pupil, is called the tee 


Angle. 


Tis by means of this Angle that we are able 
to form ſome Judgment ot the Magnitude of 
an Object; becaule, the larger this is, the larger 


is the Image upon the Retina, that is, a greater 


Portion of it is affected by the Rays which flow 
from that Object. But this is not ſufficient Þ 
alone, becauſe different Objects at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 


know alſo the Diſtance of the Object. 


This, if the Object be very near, we are 


able to form a tolerable Judgment of, by the 


Degree of Divergency, wherein the Rays 


which flow from the ſame Point of the Object 


enter the Eye; becauſe we find it neceſſary to 
adapt the Eye accordingly, in order to bring 
them to a Focus upon the Retina. 


But, when the Object is at a greater Diſtance ; 


from us, a conſiderable Variation in the Di- 


ſtance of it makes but a very ſmall one in the 
| Diver- 


3 


R 


i 
E” itis alſo of no Uſe; in which Caſe, we make 
= the beſt Judgment we can from the Brightneſs, 
Diſtinctneſs, and apparent Magnitude of the 
= Object, and likewiſe from its Situation with re- 
pect to others which are interpoſed . 


” 
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W Divergency of thoſe Rays, and therefore this 


Rule of judging ceaſes to be of Uſe. The only 
Expedient then is the Angle comprehended 
between the opric Axes at the Object to which 


© they are directed, or, which is the ſame Thing, 
© the Poſition of the Eyes with reſpe& to each 


other when they view the Objet®*. But in very 
large Diſtances this Poſition varies ſo little, that 


When we are unable to judge rightly con- 


eerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 


us, and vice verſa; becauſe it requires a lar- 


ger Object to exhibit the ſame Image upon 
the Retina, when it is ſituated at a great Di- 
ſtance, than when near. Thus we imagine the 
Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 
the Meridian, and accordingly think them 


That the Poſition of the optic Ares is a Means whereby we 


= jodge of Dittances, is evident from hence, wiz. that they who 


| E have loſt the Sight of one Eye, find it much more difficult to 


-4' hone A. "I * * et 
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R eſtimate the Diſtances of Objects, than they did, when they had 
= the Uſe of both. - 


+ We have a remarkable Inftance of the Error of our Judg- 
ment concerning the Diſtances of very remote Bodies, in that 
we look upon the Sun, Moon, 'and Stars to be all at the ſame 
Diſtance, whereas ſome of them are a thouſand Times farther 
from us than others. 


* pro- 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
ſame Image upon the Retina in both Caſes *. 
We are never able to ſee very diſtant Objects 
with Diſtinctneſs; this is not ſolely owing to 
thePupil's not receiving into it a ſufficient Num- 
ber of Rays for that Purpoſe, or becauſe they MW 
are not collected into Foc: upon the Retina, 
but becauſe the Object being very far off, the 
Rays which flow from Points of the Object 
that are contiguous fall too near each other up- 
on the Retina to excite diſtin Senſations in 
the Mind, ſo that the Idea of the Whole is 
N 1 | = 
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Of the Appearance of Objects ſcen | I 
through Media of different Forms. 


2 
2 

3 
. 


Hat what we ſhall ſay upon the Subjec 
of this Chapter may more readily be un 
derſtood, we ſhall] premiſe the five following 
Particulars, which are all compriſed in the fore 
goin g Chapter, or follow immediately from what 
as been there laid down, viz. 
1. That, as each Point of an Object, whe 
viewed by the naked Eye, appears in its pro 
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* See the Diſſertation on the Horizontal Moon, annexed t 
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er Place, and as that Place is always to be 
{ound in the Line in which the Axis of a Pen- 
cil of Rays flowing from it enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be fituated in that Line; and, becauſe 
the Mind is unacquainted with what Refrac- 
tions the Rays ſuffer before they enter the Eye, 
therefore, in Caſes where they are diverted 
from their natural Courſe by paſſing through 
any Medium, it judges the Point to be in that 
Line produced back in which the Axis of a 
Pencil of Rays flowing from it is ſituated the 
Inſtant they enter the Eye, and not in that it 
was in before Refraction. We ſhall therefore 
in what follows, ſuppoſe the apparent Place 
of an Object, when ſeen through a refracting 
Medium to be ſomewhere in that Line produ- 
ced back in which the Axis of a Pencil of Rays 
flowing from it proceeds after they have paſſed 
through the Medium. 
2. That we are able to judge, though im- 
perfectly, of the Diſtance of an Object by the 
Degree of Divergency, wherein the Rays flow- 
ing from the ſame Point of the Object enter the 
Pupil of the Eye, in Caſes where that Diver- 
ency is conſiderable ; but becauſe in what fol- 
Fas it will be neceſſary to ſuppoſe an Object, 
when ſeen through a Medium whereby its ap- 
parent Diſtance 1s altered, to appear in ſome 
determinate Situation; in thoſe Caſes where 
the Divergency of the Rays at their Entrance 
; | into 
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into the Eye is conſiderable, we will ſuppoſe 
the Object to appear where thoſe Lines which 
they deſcribe in entering, if produced back, would 
croſs each other; though it muſt not be aſſert- 
ed that this is the preciſe Diſtance; becauſe the 
Brightneſs, Diſtinctneſs, and apparent Magni- 
tude of the Object, on which its apparent Di- 
ſtance in ſome meaſure depends, will alſo ſuffer 


an Alteration by the Refraction of the Rays in = 


paſſing through that Medium. 

3. That we eſtimate the Magnitude of an 
Object by that of the optic Angle. 

4. That, Viſion is the brighter, the greater 
the Number of Rays is which enter the Pupil. 
And, 

5. That, in ſome Caſes, the apparent Bright- 
neſs, Diſtinfneſs, and Magnitude of an Object 
are the only Means whereby our Judgment is 
determined in eſtimating the Diſtance of it. 

Prop. I. An Object placed within a Medium 
terminated by a plain Surface on that Side 
which is next the Eye, if the Medium be den- 
ſer than that in which the Eye is (as we ſhall 
always ſuppoſe it to be, unleſs where the con- 
trary is expreſſed) appears nearer to the Surface 
of the Medium than it is. 

Thus, if A be a Point of an Object placed 
within the Medium BCDE (Fig. 36.), and Ab, 
Ac be two Rays proceeding from thence, theſe 
Rays paſſing out of a denſer into a rarer Me- 
dium, will be refracted from their reſpective 


Per- 
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Perpendiculars bd, ce, and will enter the Eye 
at H, ſuppoſe in the Directions &f, cg," let then 
theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg will 
diverge more than the incident ones Ab, Ac 
(Chap. III. Prop. 3.), it will be nearer to the 
Points þ and c, than the Point A; and as the 
fame is true of each Point in the Object, the 


Whole will appear to an Eye at H, nearer to 
the Surface BC than it is *. 


Prop, II, 


* From hence it is, that when one End of a ſtrait Stick is 
put under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; wiz. becauſe each 
Point that is under Water appears nearer the Surface, and con- 
ſequently higher than it is. | 

From hence likewiſe it is, that an Object at the Bottom of a 
Veſſel may be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpe& to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; let ABCD (Fig. 37.) 


repreſent a Veſſel, and let E be an Object lying at the Bottom of 


it. This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obſtruct 
the Ray EH; but when it is filled with Water to the Height 
GH, the Ray EK being refracted at the Surface of the Water into 
the Line KF, the Eye at F ſhall ſee the Object by means of that. 
In like Manner, an Object ſituated in the Horizon appears 
above its true Place, upon Account of the Refraction of the 
Rays which proceed from it in their Paſſage through the Atmo- 
/»bere of the Earth. For firſt, if the Object be ſituated beyond 
the Limits of the Aimaſphere, its Rays in entering it will be re- 
fracted towards the Perpendicular, that is, towards a Line 
drawn from the Point where they enter, to the Center of the 


Earth which is the Center of the Atmoſphere, and as they paſs. 


on they will be continually refracted the ſame Way, becauſe 
they are all along entering a denſer Part, the Center of whoſe 
Convexity is ſtill the ſame Point; upon which Account the Line 
they deſcribe will be a Curve bending downwards ; and _ 

X ore 
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Prop. II. An Object ſeen through a Medium 
terminated by plain and parallel Surfaces, ap- 
pears nearer, brighter, and larger, than with 
the naked Eye. | 

For Inſtance, let AB (Fig. 38.) be the Ob- 
jet, CDEF the Medium, and GH the Pupil 
of an Eye, which 1s here drawn large to pre- 
vent Confuſion in the Figure. And iſt let RK, 
RL be two Rays proceeding from the Point R, 
and entering the denſer Medium at K and L; 
theſe Rays will here by Refraction be made to 
diverge leſs (Chap. III. Prop. 2.) and to pro- 


fore none of the Rays that come from that Object can enter an 
Eye upon the Surface of the Earth, except what enter the At- 
meſphere higher than they need to do, if they could come in a 
right Line from the Object; conſequently the Object muſt ap- 
pear above its proper Place. Secondly, If the Object be placed 
within the Atmoſplere, the Caſe is ſtill the ſame; for the Rays 
which flow from it muſt continually enter a denſer Medium whoſe 
Center is below the Eye, and therefore being refracted towards 
the Center, that is, downwards as before, thoſe which enter the 
Eye muft neceſſarily proceed as from ſome Point above the Ob- 
ject, wherefore the Object will appear above its proper Place. 
From hence it is, that the Sun, Moon, and Stars appear 
above the Horizon, when they are juſt below it, and higher than 
they ought to do, when they are above it: Likewiſe diſtant 
Hills, Trees, Sc. ſeem to be higher than they are. | 
Farther, the lower theſe Objects are in the Hor:zex, the greater 
is the Obliquity with which the Rays which flow from them, 
enter the Atmeſphere, or paſs from the rarer into the denſer Parts 
of it, and therefore they appear to be the more elevated by Re- 
fraction; upon which Account the lower Parts of them are ap- 
parentiy more elevated than the other. This makes their upper 
and under Parts feem nearer together than they ought to do, as 
is evident in the Sun and Moon, which appear of an oval Form 
when they are in the Horizon, their horizontal Diameters appear- 
ing of the ſame Length they would do if the Rays ſuffered no 
Refration, while their vertical ones are ſhortened thereby. 


ceed 
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ceed afterwards, ſuppoſe in the Lines Ka, Lb; 
at à and 6 where they paſs out of the denſer 
Medium, they will be as much refracted the 


contrary Way, proceeding in the Lines ac, ba, 
parallel to their firſt Directions (ſee Chap. 


IV.); produce theſe Lines back till they 


meet in e, this will be the apparent Place of 


ke Point R, and it is evident from the Figure 
= that it muſt be nearer the Eye than that Point; 


and becauſe the ſame is true of all other Pen- 
cils flowing from the Object AB, the Whole 
will be ſeen in the Situation fg, nearer to the 
Eye than the Line AB. 2d, As the Rays RK, 
RL would not have entered the Eye, but-have 
paſſed by it in the Directions Kr, Lt, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. 3d, The 
Rays Ah, Bi, will be refracted at þ and i in- 
to the leſs converging Lines M, il, and at the 
other Surface into & M, IM parallel to A 
and Bi produced (ſee Chap. 4.), ſo that the 
Extremities of the Obje& will appear in the 
Lines M4, MI produced, v:z.in F and g, and 
under as large an Angle f M g, as the Angle A 
7B under which an Eye at ꝙ would have ſeen 
it, had there been no Meazum interpoſed to 
tefract the Rays; and therefore it appears /arger 
to the Eye at G H, being ſeen through the 
interpoſed Medium, than otherwiſe it would 
have done. But it is here to be obſerved, that 
the nearer the Point e appears to the Eye on 
Ac- 
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Account of the Refraction of the Rays RK, 
RE; the ſhorter is the Image /g, becauſe it is 
terminated by the Lines My and Mg, upon 
which Account the Object is made to appear 
leſs; and therefore the apparent Magnitude of 
an Object is not much augmented by being 
ſeen through a Medium of this Form. 
Farther, it is apparent from the Figure, that 
the Effect of a Medium of this Form depends 
wholly upon its Thickneſs : for the Diſtance 
between the Lines Ry and ec, and conſequent- 
ly the Diſtance between the Points e and R de- 
pends upon the Length of the Line Ka : Again, 
the Diſtance between the Lines AM and M, 
depends on the Length of the Line M] but both 
Ka and M depend on the Diſtance between the 
Surfaces CE and DF, and therefore the Effect 
of this Medium depends upon its Thickneſs, 
Prop. III. An Object ſeen through a convex 
Tens, appears larger, brighter, and more di/- 
tant, than with the naked Eye. 
'To illuſtrate this, let AB (Fig. 39.) be the 
Object, CD the Lens, and EF the Eye. 1. 
From A and B the Extremities of the Object 
draw the right Lines AYr, BXr crofling each 
other in the Pupil of the Eye ; the Angle ArB 
comprehended between theſe Lines, is the 
Angle under which the Object would be ſeen 
with the naked Eye. But by the Interpoſi- 
tion of a. Lens of this Form, whole Property 
it is to render converging Rays more ſo (ſee 


Chap. IV.) the Rays AY and BX will be made 
| to 
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W to croſs each other before they reach the Pupil 


WT There the Eye at E, will not perceive the 


Extremities of the Object by means of theſe 
Rays (for they will paſs it without entering), 
but by ſome others which muſt fall without the 
Points V and X, or between them; but if they 


fall between them, they will be made to con- 


3 cur ſooner than they themſelves would have 


done, and therefore if the Extremities of the 


Object could not be ſeen by them, it will much 
leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, mult fall 


upon the Lens without the Points V and X; 


let then the Rays AO and BP be ſuch. Theſe 


| after Refraction entering the Eye at r, the Ex- 


tremities of the Object will be ſeen in the Lines 
2. 7T produced, and under the fie Angle 
= QT which is larger than Ar7B, and therefore 
= the apparent Magnitude of the Otyect will be 
* nere 2. Let GHI be a Pencil of Rays 
flowing from the Point G; as it is the Proper 

of this Lens to render diverging Rays leſs di- 
verging, parallel or converging (ſee Chap. 


IV.) it is evident, that ſome of thoſe Rays. 


which would proceed on to M and N and miſs 
the Eye, were they to ſuffer no Refraction in 
paſſing through the Lens, will now enter it; 

buy which means the Object will appear bright- 
er. 3. As to the apparent Diſtance of the Ob- 
ject, that will vary according to the Situation 
7 of 
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of ĩt with reſpect to the Focus of parallel Rays 
of the Zens. 1. Then, let us ſuppoſe the Ob- 
ject placed ſo much nearer the Lens than its 
Focus of parallel Rays, that the refracted Rays 
KE and LF though. rendered leſs diverging 
by. paſſing through it, may yet have a conſider- 
able. Degree of -D&ergency, ſo that we may 
be able to form a qudgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
ought to appear where EK, FL produced back 
concur, which, becauſe they diverge leſs than 
the Rays GH, GI, will be beyond G, that is, 
at a greater Diſtance from the Lens than the 
Object is. But becauſe both the Brightneſs and 
. Magnitude of the Object will at the ſame Time 
be augmented, Prejudice will not permit us to 
judge it quite ſo far off as the Point where thoſe 
Lines meet, but - ſomewhere between that 
Point and its proper Place. 2. Let the Object 
be placed in the Focus of parallel Rays, then 
will the Rays KE and LF become parallel 
(fee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Di- 
ſtance, if that Diſtance were to be judged of by 
the Direction of the Rays KE and LF, yet 
upon Account of the Brightneſs and Magnitude 
of it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3. 
If the Object be ſituated beyond the Focus of 
parallel Rays, as in AB (Fig. 40.) the Rays 
flowing from thence and falling upon the _ 
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W towards 2b, the Object then appearing both 
brighter and larger, ſeems to approach the 
= Lens + which is an evident Proof of what has 


3 
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3 


Chap. 7. of Objects, G. ©. - UW 
CD, will be collected into their tive Foci 
it a and 5, and the intermediate Points m1, 1; 
Sc. and will there form an Image of the Ob- 


ad AB; and after croſſing each other in the 


ſeveral Points of it, as expreſſed in the Figure, 
will paſs on diverging as from a real Object: 


I Now if an Eye be fituated at c, where Ac, 
Boe, Rays proceeding from the extreme Points 
of the Object, make not a much larger Angle 


AcB, than they would do if there were no Lens 
nterpoſed ; and the Rays belonging to the 


ame Pencil do not converge ſo much as thoſe 
che Eye would receive, if it were placed nearer 
WE to 4 or 6, the Object upon theſe Accounts 
Y :ppearing very little larger or brighter than 
with the naked Eye, is ſeen nearly in its = 


per Place ; but if the Eye recedes a little Way 


+ That the Object ſhould ſeem to approach tlie Lens in this 


Caſe, was a Difficulty that exceedingly puzzled the learned 
= Barrow, and which he pronounces inſuperable, and not to be ac- 
counted for by any Theory we have of Vifion. Mo/meux alſo 
leaves it to the Solution of others, as that which will be inex- 
== plicable, till a more intimate Knowledge of the viſive Faculty; 
as he expreſſes it, be obtained by Mortals. 


They imagined, that ſeeing an Object appears farther of} 
the 1e% the Rays diverge which fall upon the Eye; if they 


mould proceed parallel to each other, it ought to appear exceed- 
BY ingly remote, and if they ſhould converge, it ſhould then appear 


+ more diflant flill: The Reaſon of this was, becauſe they looked 


= upon the apparent Place of an Object, as owing only to the Di- 


ection of the Rays whatever it was, and not at all to its appa-_ 
ent Magnitude or Splendor. 


F | been 
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been ſo often aſſerted, viz. that we judge of 
the Diſtance of an Object in ſome Meaſure by 
its Brightneſs and Magnitude “; for the Rays 
converge the more the farther the Eye recedes MM 
from the Lens; and therefore if we judged off 
the Diſtance of the Object by the Direction of 
the Rays which flow from it, we ought in thigh 
Caſe to conceive it at a greater Diſtance, than 
when the Rays were parallel, or diverged at 
their Entrance into the Eye. . 
Prop. IV. If an Object be placed fartheg; 
from a convex Lens, than its Focus of paralle¶ 
Rays, and the Eye be ſituated farther from ii 
on the other Side, than the Place where th 
Rays of the ſeveral Pencils are collected intq 
their reſpective Foci, the Object appears in 
verted, and pendulous in the Air, between th 
Eye and the Lens. | = 
To explain this, let AB (Fig. 40.) repre 
: ſent the Object, CD the Lens, and let th 
Rays of the Pencil ACD be collected in a, anq 
thoſe of BCD in 5, forming there an inverteq 
Image of the Object AB, and let the Eye b 
placed in F: It is apparent from the Figure 
that ſome of the refracted Rays which pal 
through each Point of the Image, will enteg; 


* Perhaps it may proceed from our judging of the Diſtanc 
of an Object in ſome Meaſure by its Magnitude, that that Pe, 
ception of Sight commonly obſerved by Travellers may ariſe WR 
wiz. that upon the firſt appearing of a Building larger than uſual 
as a Cathedral Church, or the like, it generally ſeems nearer [ol | 
them, than they afterwards find it to be. | AY 
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1.9 
„ede Eye as from a real Object in that Places 
„ind therefore the Object AB will appear there, 
J as the Propoſition aſſerts. But we are ſo little 
cccuſtomed to ſce Objects in this Manner, that 
iy tt is very difficult to perceive the Image with 
cone Eye; but if both Eyes are ſituated in ſuch 
i * Manner, that Rays flowing from each Point 
: of the Image may enter both, as at G and H, 
and we direct our optic Axes to the Image, 'tis 
W caly to be perceived. 
= if the Eye be ſituated in @ or b, or very near 
ei them on either Side, the Object appears exceed- 
a ingly confuſed, v/z. if at d, the Rays which 
proceed from the fame Point of the Obie con- 
eerge ſo very much, and if at e, they diverge 
„ po much, that they cannot be collected together 
h upon the Retina, but fall upon it as if they 
uere the Axes of ſo many diſtinct Pencils com- 
re ing through every Point of the Lens; where- 
n pore little more than one ſingle Point of the 


1 Object is ſeen at a Time, and that appears all 
over the Lens; from whence nathivg but Con- 


86 N þ fuſion ariſes. 
rel Il the Lens be 10 large that both Ey es may 
abe applied to it, as in h and &, the Obea will 
nel appear double; for tis evident from the Figure, 
that the Rays which enter the Eye at Y from 
ane either Extremity of the Object A or B, do not 
my proceed as from the ſame Point with that from 
faal whence thoſe which enter the other at + ſeem 


er WW) to flow; the Mind therefore is here deceived, 
1 F 2 and 
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atid\ looks upon the Object as fituated in two 
different Places, and therefore judges it to be 
double 5 | I 
Prep. V. An Object ſeen through a concave W 
Lens appears nearer, ſmaller, and leſs bright, 
than with'the naked Eye. | 

Thus, let AB (Fig. 41.) be the Object, CD 
the Pupil ef an Eye, and EF the Lens. Now, 
as it is the Property of a Lens of this Form, 
to render diverging Rays more ſo, and converg- 
ing ones leſs ſo, the diverging Rays GH, GI, 
proceeding from the Point G, will be made to 
diverge more, and ſo to enter the Eye as fron 
ſome nearer Point g; and the Rays AH, BI, 
which converge, will be made to converge leſs, 
and to enter the Eye as from the Points a and 
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5; vherefore the Object will appear in the Si- 
tuation agb, le and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome off, 
them will be made to paſs by the Pupil of the 
Eye, which otherwiſe would have entered it, 
and therefore each Point of the Object will ap- 
pear-leſe bright, | l 
oe eee Prop. VI 
Js a From hat has been obſerved about the Properties of con- | N 
vex and concave Lenſes, we may ſee the Reaſon why the oo = + 
mer Sort are made Uſe of by od People to help their Sight; 


and the latter by thoſe who are purblind. Old People, as was 
obſerved before, having the Tunica Cornea of their Eyes too, 
flat, require that the Obje& be placed at a greater Diſtancef 
from them, than other People whoſe Eyes are of a juſt Form, 


that the Rays which enter the Pupils of their Eyes on 5 
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Prop. VI. An Object ſeen through a pohge- 
nous Glaſs, that is, ſuch as is terminated by 
ſeveral plain Surfaces, is multiplied thereby. 

For Inſtance, let A (Fig. 42.) be an Ob- 
ect, and BC a polygonous Glaſs terminated by 
the plain Surfaces BD, DE, &c. and let the 
Situation of the Eye F be ſuch, that the Rays 
Ag being refracted in paſſing through the Slate, 
may enter it in the Direction BF, and the Rays 


= AC in the Direction CF. | Then will the, 


3 | by means of the former, ſee the Object i in 8, 


4 and by the latter in H; and by means of. the 
= Rays Al, the Object will TN 04 in its __ 


3 per Situation A. 


Thus much for the Principles of Dioptrics, 


and the Solution of ſome obvious Phenomena 


which tend to confirm the ſame : Thoſe which 


da” yet remain to be accounted for, ſhall; according 
do the Method we have hitherto obſerved, be 
cn treated of 1 in the ml Nene of tals Part, F 


— 


ö 2 ſame Point of the Object, may not diverge too I Now a 
= convex Lens makes thoſe Rays diverge leſs, as they would natu . 


rally do if the Object was placed farther off. in, thoſe who 
= are purblind, having the Tunica Cornea too protu rant, require 
ſuch a Lens as may render thoſe Rays more diverging, left they 
ſhould be collected into their reſpective Foci before they fall up- 


on the Retina; and therefore en. of the concave Sort are gf 


Uſe to them, Ven bus v0. 
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D188 ©R-T AT-EO:N:Þ 
Of the Horizontal Moon. 


H E Phenomenon of the Horizontal Moon 


is this: When the Moon is juſt above 2 


the Surface of the Earth, either immediately 
after ſhe is riſen, or juſt before ſhe ſets, ſhe ap- 
pears four or five Times greater in Diameter, 
than when ſhe is in her Meridian Altitude ; 
And yet her apparent Diameter, if taken by an 
Inſtrument, is found to ſubtend the ſame An- 
gle in either Situation *. 

The Moon's apparent Diameter being found 
to ſubtend the ſame Angle, whether ſhe be in 
the Horizon or Meridian, it is evident the 
Image of her projected upon the Retina of an 
Eye, is of the ſame Dimenſions in either Caſe; 
and therefore that ſhe ſhould appear of a dif- 


ferent Magnitude in one Situation from what 


What is ſaid here of the Moon's Diameter, as taken by an 
Inſtrument, muſt be underſtood of her horizontal Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 


Refraction (as explained Chap. VII. Note the firſt) and, there - 


fore, if it be taken by an Inſtrument, it will not be found to 
ſubtend the ſame Angle in the Horizon as in the Meridian ; 
But notwithſtanding this, it appears longer to the naked Eye 


when in the former, than in the latter Situation, as well as the 
korizontal Diameter. 
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ſhe does in the other, has always been Matter 
of great Speculation among the Connoiſſeurs 
both in Optics and Aſtronomy. Des Cartes 
was of Opinion, that we think the Moon 
larger when ſhe is in the Horizon, than when 
ſhe 1s in the Meridian, becauſe in the former 
Caſe by comparing her Diſtance with that of 
interpoſed Objects, we imagine it greater than 
when ſhe is elevated: And that as we judge 
her Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the ſame Angle in either Caſe. But 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 


= Matter. 


Gaſſendus was of Opinion, that becauſe the 


Moon appears leſs bright when in the Horizon 


than in the Meridian, we view her in the for- 


mer Situation with a larger Pupil, than we do 


in the latter; and from thence he concludes, 


that the Image of her upon the Retina muſt be 


larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 


mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foc: upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image; becauſe the Situation of thoſe 
Foci is determined by the Axes of the ſeveral 
Pencils, which croſſing each other in the Cen- 
F 4 ter 
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ter of the Pupil! (as Was ſnewn Chap. VI. pag. 
61. in the Note) paſs on to the ſame Points 
of the Retina, whether the Pupil be broad or 
nage 1nd to noo nz 1 | 
Malineux in the Philoſophical Tranſactions 
No. 187. tells us of a certain French Abbe, 
that reviyed the forementioned Suppoſition of 
Caſſendus, and adding two others of his own, 
endeavoured to account for this Phenomenon. 
His Suppoſitions were theſe, viz. © That this 
contracting and enlarging: the Pupil (ſup- 
% poſed by Gafſendus) cauſeth' a different 
* Shape in the Eye; an open Pupil making 
the Cryſtalline flatter, and the Eye longer, 
* and the narrower Pupil ſhortening the Eye, 
* and making the Cryſtalline Humour more 
* convex. The firſt attends our looking at 
Objects that are remote, or which we think 
6 ſo; the latter accompanies the viewing Ob- 
« jects nigh at Hand. Likewiſe an open Pu- 
* pil and flat Cryſtalline attends Objects of 
*© more ſedate Light, whilſt Objects of more 
* forcible Rays require a greater Convexity, 
* and-narrower Pupil. From theſe Poſitions, 
continues Molineux, the Abbe endeavoured 
* to give an Account of our Phenomenon, as 
* follows. When the Moon is nigh the Ho- 
te rizon, by Compariſon with interpoſed Ob- 
** jects, we are apt to imagine her much far- 
ether from us than when more elevated, and 
* therefore we order our Eyes as for viewing 
an 
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ec an Object further from us; that is, we ſome= 
e thing enlarge the Pupil, and chereby make 
« the Cryſtalline flatter; moreover the Duſk- 
« iſhneſs of the Moon in that Poſture does 
« not ſo much ſtrain the Sight; and conſe- 
« quently the Pupil will be more large, and 
« the Cryſtalline more flat; hene a larger 
Image ſhall be projected on the Fund of — 
« Eye, and, therefore, the Moon ſhall 

4 larger. Theſe two forementioned Acvi crit, 
© vue. the Moon's imaginary Diſtance and 
% Duſkiſhneſs, gradually vaniſhing as ſhe riſes, 
« A different Species is hereby introduced in 
the Eye, and conſequently ſhe ſeems gradu- 


« ally leſs and leſs, till _ ſhe approaches 
« nigh the Horizon.” lem bns 


As to what is. taken for granted i in this So- 
lution concerning a Change in the Cryſtalline 
Humour and Form of the Eye, upon viewing 
an Object in a duſey or faint Light, that ſeems 
to be very ill grounded. We know of no ſuch 
Connection between the Muſcles: of the Ii 
and thoſe of the Ligamenta Ciliaria, as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not ſo pliable, as caſily 
to admit of an Alteration in their Form *. 
Could the Author have made good his other 
Su ppolinony vir. That by ee 01h 


* See what — been obſerved concerning the 8 we hve 


of making an Alteration jn the Eye, in order to ſee 4. iinty, 
(Chap. VI. pag. 62. 


2 
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iner poſed Objects we are apt to imagine her 
much farther | from us, than when more ele- 
vated, he, need not have had Recourſe to any 
other; this alone would have been ſufficient ; 
but ic Labor e&ft. This alone, I ſay, would 
have been ſufficient; for if by comparing her 
Diſtance with that of interpoſed Objects, we 
imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſhe ſub- 
tends an equal Angle in both Caſes, we muſt 
in Conſequence thereof (agreeably to Des 
Cartes's Notion above-mentioned) imagine her 
to be bigger in the former Situation than in the 
latter; becauſe a diſtant Object cannot ſub- 
tend the ſame Angle at the Eye that one which 
is nearer does, unleſs it be proportionably 
larger“. 

The famous Hobbs endeavoured at a Solu- 
tion of this Phænomenon, but it is hardly 
worth mentioning : The Figure he has drawn 
to explain his Solution by, ſeems to have 
been the Occaſion of his Error. He draws a 
Circle to repreſent that blue Surface common- 
ly called the Sky, in which the heavenly Bo- 
dies ſeem to be fixed, and concentric to this, 
a leſſer, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; fo that a 
Spectator upon the Surface of this Earth, 1s 
conſiderably nearer to the upper Part of the 


* See Chap. VI. pag. 71, other 
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other Circle than to the Sides of it : Where- 


fore an Object that ſubtends the ſame Angle at 
different Heights muſt neceſſarily hide a great- 
er Portion of that Ark when it is in the Hori- 


zon, than when it is in the Meridian ; becauſe 
that Ark is farther behind the Object in the 
former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
pear bigger in that Situation than in the Me- 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned them 


to repreſent, he would eaſily have ſeen his 
Miſtake. 


A few Years ago Mr. De Veil publiſhed a 


Treatiſe upon the Subject of the Horizontal 
Moon, which he dedicates to the Ladies of 
Northampton. If I remember right, his Solu- 
tion of it was in the following Manner: 1. 
When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther 
the Eye (ſituated on the other Side the Lens) 
recedes from it towards the Focus of the Rays 
which flow from that Object, the larger that 


Object appears. 2. Rays of Light flowing 


from the Moon, and pailing through the Almo- 
ſphere of the Earth, are collected into a Focus 


on the other Side of it. 3. When the Moon 


is in the Horizon, we are nearer to this Focus 
by almoſt a Semidzameter of the Earth, than 
when ſhe is in the Meridian : And therefore, 
the Moon ought to appear larger when in the 
former than in the latter Situation. 

The 
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The Propoſitions in this Solution are all true, 
but the Second is not applicable in the preſent 
Caſe; for unleſs we conſider the Refraction that 
Rays of Light which flow from the Moon, and 
paſs through the Atmoſphere of the Earth, 
ſuffer in their Emerſion, that is, while they 
paſs through the latter Half of it, as well as 
that which they ſuffer in their Immerſion, or 
while they paſs through the former Half, we 
Mall find that they will not be collected into 
their reſpective Foci on the other Side the 
Earth, as this Gentleman imagines: Which if 
it can be thewn, his Solution falls to the Ground 
of Courſe; for the Refraction which the Rays 
ſuffer in their Emerſion is not to be taken into 
Conſideration, becauſe they reach the Eye of 
a Spectator upon the Earth as ſoon as they 
have paſſed through the firſt Half of the At- 
moſphere, when the Moon is in his Horizon; 
and before they have paſſed through that Half, 
when ſhe is in his Meridian. 9 
Let us then imagine two Rays flowing from 
one and the ſame Point of the Surface of the 
Moon, it being neceſſary in order to conſtitute 
a Focus that ſuch Rays ſhould after Refraction 
meet in a Point; the meeting of ſuch as flow 
from different Points in the ſame Surface is not 
ſufficient; if it were, we might then have Focz 
where we pleaſed, and that as well without 
refracting or reflecting Surfaces as with them. 
And let the firſt of thoſe two Rays fall perpendi- 
cularly upon the Atmoſphere of the Earth, "= 
& ok hs q 
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be ſuppoſed to paſs through the Center of it; 
and let the other after Refraction paſs by the 
= Surface of the Earth. Now, the Moon's Pa- 
rallax, that is, the Angle under which the Se- 
mi diameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe 
Rays muſt, before their Incidence upon the 
Earth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 
Sir Jaac Newton's Table of Refractions pub- 
liſhed by Dr. Halley in the Philoſophical Tranſ- 
actions, No. 368. that, when any of the heaven- 
ly Bodies appeats in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty-three Minutes and forty- five Seconds; 
and therefore the Ray which we have ſuppoſed 
after Refraction to paſs by the Surface of the 
Earth will be refracted only by ſuch an Angle; 
which falling conſiderably ſhort of one Degree, 
the Angle by which it diverged from the per- 
pendicular one before Refraction; it will-be fo 
far from being made to converge: towards it 
thereby, that it will ſtill, be in a State, of Diver- 
gency from it. And therefore Rays flowing 
from the Moon and refracted only in their Im- 
merſion into the Atmoſphere of the Earth, will 
not be collected into their reſpective Foci on the 

other Side: Which was to be thewn. 
Dr. Wallis in the Philoſophical Tranſactions, 
No. 187. gives us a Solution of the Horigontal 
Moen (or rather an Explication of what Des 
Cartes had given before) Which is as N : 
e 
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He aſcribes this Phenomenen'to; the Deception 
of the Imagination, and accounts for that De- 
ception in the following Manner: He obſerves, 
firſt, That the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
ſuppoſed Diſtance. So that if two Things are 
ſeen under the ſame or equal Angles, and if, 
upon any Account whatever, we apprehend one 
of theſe to be farther from us than. the other, 
that which we apprehend to be farther from 
us, will to the Imagination appear greater. 
Secondly, That one great Advantage for eſti- 
mating the apparent Diſtance of any Thing, 
is from the Variety of intermediate Objects be- 
tween the Eye and the Thing ſeen; for then 
the Imagination muſt allow Room for all thoſe 
Things. 

Now, ſays he, when the Sun * or Moon 
« ig near the Horizon, the Proſpect we have of 
« Hills and Valleys, Plains and Woods, &c. 
<« repreſent to our Imagination a great Diſtance, 
« capable of receiving all theſe : Or, if it hap- 
<« -pens that theſe interpoſed Objects are not 
« actually ſeen, yet, having been accuſtomed 
e to ſee them, the Memory ſuggeſts to us a 
« View as large as is the viſible Horizon. 

« But when the Sun or Moon is in an high- 
ce er Poſition, we ſee nothing between us and 


« them (unleſs, perhaps, ſome Clouds) and 


* For the Sun appears larger in the Horizen, as well as the 
Moon. | 


ce there- 


D.iſſert. 1. Of zhe Horizontal Moon. gs 
c therefore nothing that can preſent to our 
cc Imagination ſo great a Diſtance as the other 
« jg. And therefore, though both be ſeen un- 
« der the fame Angle, they do not appear (to 
« the Imagination) of the ſame Bigneſs, be- 
ct cauſe not fanfied at the ſame Diſtance : But 
ee that near the Horizon 1s judged bigger (be- 
« cauſe ſuppoſed farther off ) than the Aer 
« when at a greater Altitude.“ 

If I might be allowed to mention any Thing 
of my own, after theſe great Geniuſes have 
given their Opinions upon this Matter, it ſhould 
be this, dig. That I have often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 
Horizon than in the Meridian (for that is all 
that is requiſite, towards a Solution of the Ho- 
rigontal Moon, as has been already obſerved) 
ſhould firſt ſhew why that apparent azure Sur- 
face we call the Sky, does not ſeem to be an en- 
tire concave Hemiſphere, but only a Portion of 
ſuch an one: For our judging the Heavens to 
be no more than ſuch a Portion, is undoubtedly 
the Cauſe why we judge both the Sun, Moon, 
and Stars to be farther from us when in the Ho- 
rizon than in the Meridian; becauſe we have 
nothing elſe we can refer their Places to, but 
that. 

Now, poſſibly, the Cauſe why we think the 
Heavens of that Form may after all be only 
this, vig. That, as the Rays which come from 
the upper Parts of that! imaginary 8 Surface, the 

Sky, 
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Sky, paſs through a leſs Portion of the Aumo- 
ſphere than ſuch as come from the horizontal 
Parts of it, the Sky appears to us more diſtinct- 
ly, and generally more bright in thoſe Parts 
than in the latter; and therefore; ſince we 
daily obſerve that thoſe Objects which appear 
molt di/tin# are generally ſuch as are neareſt 
to us, and alſo as bright Objects, when we 
have nothing but bare Imagination to deter- 
mine us in eſtimating the Diſtance of them, 
appear nearer to us than the ſame Objects when 
leſs ſo ®, we think the upper Parts of the Sky 
nearer us than the lower. Wherefore, ſince we 
refer all the heavenly Bodies to this Surface, we 
neceflarily imagine them farther from us, and 
conſequently larger, and alſo more diſtant from 
each other +, when near the Horizon, than 
when they are arrived at their meridian Al- 
titude, 


* See what has been ſaid concerning the Brightneſs of an 
Object being a Means whereby it appears nearer us, under 
Prop. 1 of the 7th Chapter. 

+ The apparent horizontal Diſtance of two Stars from one 
another is obſerved to be greater, when they are in the Horizon; 
than in the Meridian. 


